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Abstract 
The efficient control of the pread of carbapenemase producer Enterobacteriaceae. a 
major publ ic  health threat world-wide, requires knowledge on the molecular 
epidemiology and genet ic  background of the emerging carbapenemase genes. 
Our aim \va to investigate the genetic  support of ew-Delhi metal lo-beta-Iactamase 
and OXA--t8-type carbapenemase genes in carbapenem resistant Enterobacteriaceae 
i o lated in the United Arab Emirates. Since these i solates are extremely drug 
re i stant, leaving few treatment options. the efficacy of al ternative antimicrobial s 
was a l  0 a essed. 
even OM-producer Enterobacteriaceae, col lected during 2009-20 1 L and 
ub equently fiye DM and OXA-48-type carbapenemase co-producer Klebsiella 
pneul11ol1iae i solated during 2 0 1 1 -20 1 3  in  three ho pital s of the Emirates, were 
characterized. Strains' c lonality and the transmi ssib i l i ty of carbapenemase genes 
were a sessed . The genetic  support of carbapenemases was studied by 
characterization of plasmids and by sequencing the sunounding regions. 
Furthennore. the effect of the himenochirin- l B analogue antimicrobial peptide was 
tested on selected strains. Moreover. the fosfomycin  susceptibi l ity of 45 carbapenem 
non-susceptible E cherichia coli i so lates was tested. 
Three K pneul11oniae. two Escherichia coli, one Enterobacter cloacae and one 
Citrobacler freundii were found to produce NDM - l  carbapenemase. Epidemiological 
l ink v.:as establ ished in case of two K. pneumoniae strains. All isolates harbored the 
bla. OM-l gene on conjugat ive plasmids. Furthermore, IncX3 plasmids with almost 
identical restriction patterns were present in E. cloacae, E. coli and C frellndii. The 
sel f-conj ugati ve DM plasmid showed high s imi larity to these in one of the c lonal ly 
unrelated K. pneumoniae co-producing OXA-48 also .  Three of the five double 
carbapenemase producer ST 1 4  K pneumoniae possessing blaNoM-J and blaoXA-232. the 
former one on conj ugative, the latter one non-conjugative plasmid, were clonaJ ly 
related. The fifth.  unrelated K. pneul710niae co-produced NOM- 1 and OXA- 1 62.  Al l  
E. coli isolates remained suscept ible to fosfomycin .  Low concentration of 
h imenochirin- l B analogue i nh ibited the growth of al l  e lected NOM-producers. 
vii 
We have proved that IncX3 plasmids play an important role in the inter-species 
pread of the bla D".1 gene. We demonstrated that the emergence of DM- and OXA-
48-type carbapenemase co-producer K. pnelll710niae is partial ly a c lonal 
phenomenon. We fow1d that fosfom c in  is a valuable therapeut ic option against E. 
coli. Addit ional ly.  we demon trated the efficacy of [E6k.D9k]hymenochirin- l B  
again t carbapenem resi stant Enterobacteriaceae . 
Keywords: Carbapenemases. New Delhi Metal lo-�-lactamase. OXA-48-type 
carbapenemases. Enterobacteriaceae. ant imicrobial peptide. fosfomyc in .  
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Chapter 1: Introduction 
1.1 Enterobacteriaceae 
Enterobacteriaceae i the l arge t fami ly  of medical ly important Gram­
negatiw rod- haped facultative anaerobes that are c Ia  ified. based on biochemical 
characteri t ic  and 1 6  rRNA equencing. into 44 genera and 1 76 species ( Baumler 
et a 1 . .  20 1 " : Murray et al. 2009) .  Enterobacteriaceae are moderately sized (0 .3  to 1 .0 
X 1 .0 to 6 .0 flm )  Gram negative facultat ive anaerobic non-spore forming bac i l l i .  
\\ h ich  can either be  mot i le or non-moti le  depending on the presence of peritrichous 
flagel la  (Donnenberg. 20 1 0 ) .  
1.1.1 Cell tructure 
1 mber of the fami ly  Enterobacteriaceae share many tructural 
characteristic ( Murra I et a 1 . .  2009) .  As in a l l  prokar otic cel ls .  there i no nuc\eu in  
the bacterial ce l l  so  the genome. which con ists of c ircular chromosome and 
ometimes d ifferent s ized p ia  m ids. is d iffu ed in the cytoplasm. Al o. there are no 
membrane-bound organel le in the cel l ( Donnenberg. 20 1 0 ) .  
Enterobacterial ce l l  envelope is  compo ed of an inner membrane and an outer 
membrane that surrounds the periplasmic space (F igure 1) . The outer membrane 
contains l ipoprotein. peptidoglycan. d ifferent protein ( i .e. porin protein that act a 
channe ls  and fac i l i tate transport ) and l ipopoly accharide (LP  ) (Azari et a l . .  20 1 3: 
\1urray et a I . ,  2009: Whitfield. 1 995 ) .  
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Porin are \\ at r-fi l led channel that, among other chemical compound , 
faci l i tate the pa ag of hydrophi l ic antibiot ic into the Gram negat ive bacterial cel l .  
Bacteria an regulate the numb r of porin ba ed on the environment' 0 molarity. 
For in tan e. E. coli can e�pre smal ler p rin ( OmpC ) and repre s the production 
of the l arg r one (OmpF) in high osmolarity em'ironment. (Greem\ ood et a 1 . ,  2007: 
pal & Pop- ica , 20 1 0 ) 
LP  a \ i rulence factor that con I of three component : l ipid A 
(endotoxin ) .  core poly  accharide. and 0 antigen (u  ed for the erogrouping) .  In  
Escherichia coli alone th re are more than 1 70 O-antigen erogroup . In addition to 
that. ome enterobacteria l i ke E cherichia coli and Kleb iel/a pneul110niae produce 
cap ule ( K-antigens )  that are re pon ible of the mucoid colony appearance and are 
u ed for erot) ping. a \\ e l l  ( Donnenberg. 20 1 0 ) .  
F igure 1 :  Enterobacteriaceae cell \\ a II tructure (M urray et a\., 2009) 
(common all n) 
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mentioned arl ier, members of Enterobacteriaceae can be moti le by 
having flagel la  ( H  ant igen. \vhich i s  a lso used for serotyping) . Moreover. most of 
them produce fimbriae (pi l i )  to adhere to host ce l ls  or to transfer genetic  material 
through conj ugat ion ( MulTay et a l . .  2009) .  
1 . 1.2 E pidem iology 
Enterobacteria are v,;idely spread in the envi ronment. They can be found in  
o iL  plants and water. Moreover. a number of them are normal colonizers of the 
human and animal lower gastrointestinal tract. hence the name enteric bacteria. 
Furthermore. some species colon ize the oropharynx of alcohol ics ,  diabet ic and 
hospitalized patients ( Donnenberg. 20 10 ) .  
Members of the fami ly  of Enterobacteriaceae can cause both cornn1Unity and 
hospital acquired infections. They cause more than 70% of urinary tract infections 
( T Is ), 30% to 35% of a l l  bacteremia and a number of intestinal infections ( MulTay 
et al . .  2009). They can spread easi ly  between individuals by hand carriage or by 
contaminated food and water. Some members of the Enterobacteriaceae fami ly are 
associated with human diseases l ike Salmonella. Yersinia and Shigella. whi le others 
are opportuni st ic pathogens such as Escherichia, Klebsiella, Enterobacler and 
Citrobacter. These latter organi sms l ive ham1lessly in the host and only cause 
disease when the immune system is suppressed or when they reach a steri le body 
site. The infections caused by them var depending on the site of infection as 
Enterobacteriaceae can affect any body site ( MulTay et aI . ,  2009) .  They can cause 
enterit i s, septicemia, peritonit is ,  meningit i s  and pneumonia. To cause these di seases, 
these organisms produce spec ific virulence factors that are acquired by horizontal 
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gen tran fer mo tl) b) pIa mid and tran po on . xample of these virulence 
factor are : encap ulation. to protect from phagocyto i , and re i tance to antibiotic . 
production of sider phore and \ ariou fimbriae ( Murray et al . .  2009: 
aI . . 20 1 2b). 
1 .1 .3 E cherichia coli 
rdmann et 
E cherichia coli i a member of the genu E. cherichia which i named after 
Theodore E cherich. \\ ho de cribed it in 1 885  after w'orking on the neonate I fecal 
flora. E. coli can be d ifferentiated from other enterobacteria as it ferment l acto e and 
other ugar and produce indole from tryptophan (Donnenberg, 20 1 0 ) .  
Although E. coli trains I i \'e normal ly in  the inte t ine. there are group of 
train producing \ i rulence factor pec ific to certain d i seases. The e group of E. 
coli are cal led pathotype or pathovars ( Donnenberg. 20 1 O�  Murray et al . .  2009) .  The 
disease causing train of E coli can be divided based on where th y are cau ing 
di  ea e i nto: diarrheagenic E. coli and extraintestinal E coli ( ExPEC ) .  The ExPEC 
train cau e d i  ea es such a meningitis and UTI . The diarrheagenic patho\,ar of E 
coli are d i \  i ded into five groups as the are di fferent in  the age group affected. 
c l inical presentat ion and types of irulence factors. These pathovars are : 
enteroaggregative E. coli ( EAEC),  enterohemorrhagic E coli ( EHEC ). 
enteropathogenic E. coli ( EPEC) .  enteroinva i \  e E. coli (E IEC )  and enterotoxigenic 
E. coli ( ETEC) .  ( Ra ko et a l . .  2008 ) 
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1.1A Kleb iella pl1elllllOl1iae 
K/eb ieI/o pnelll710niae i the main pe ie in the genu Klehsie/lo that can 
cau e infecti n in h alth) individual and in immunocompromised patient . The 
main \ i rulence factor kno\\ n to be produced by K. pneul710niae is the poly accharide 
cap ule, \\ hich i re pon ible for the mucoid colony morphology. This capsule helps 
the organi m to re i t phagocyto is. The major cap ule type a soc iated with virulent 
train of K. pnelll110niae are K 1 and K2 . K. pnelll710niae produces d ifferent type of 
fimbriae promoting adherence to ho t cel l ( Donnenberg, 20 1 0) .  
Another important feature o f  K. pnelll110niae i s  the antibiotic re i tance.  I t  has 
been found that a l l  K. pneul710niae trains are re i tant to ampic i l l in  due to a 
chromo omal l y  encoded penic i l l inase ( Haeggman el a l . .  1 997) .  Moreover. the e 
train can be re i tant to other antibiotic i f  they acquire mult idrug re i tant 
plasmid  ( Donnenberg, 20 1 0 ) .  
1 .1 .5  Ellterobacter 
EnlerobaCler cloacae. Enterobacler aerogenes and Enlerobacler -aka:akii 
are species of the Enlerobacler genus which are medical ly  important. They are 
moti le .  fennent l acto e and produce capsule which has a role in the serum resi stance 
and phagocytosi inhibit ion. They can cause infections such a \\ ound infection in  
ho  pital ized patients. who are in the intensi\ e care units or  who received 
ant imicrobial therapy ( Donnenberg, 20 1 0 ) .  E. aka:akii cau e bacteremia and 
meningit is  in neonates drinking powdered formula mi lk contaminated with the 
organism ( Donnenberg. 20 1 0) .  
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The e three p c le of El1leroba IeI'. l ike K pneumoniC/e. are u ual l )  re i tant 
to antibiotic . Th \ have hromo omally encod d inducible ompC �-lactama e 
\\ hich make them re i tant to ampic i l l in  and to fir t and econd generation 
cephalo porin . Mutat ion . which occur in the regulator) loci and lead to re i tance 
to the third generation cephalosporin . are present in infections caused by 
Enterobacler ewn before tal1ing the therapy. Thi may lead to treatment fai lure and 
for thi rea on it i better to treat enou infection with fourth generation 
cephalo porin or carbapenem ( Donnenberg. 20 1 0 ) .  
1.1 .6 Citrobacter 
The genu C itrobacter i so named becau e members of this genus u e c itrate 
mainly a their  carbon ource. The pec ies in thi genus with human disea e are : 
Cilrobocler frezmdii. Cilrobocler ko eri and ilrobacler amalol1olicli ' . Mo tly. they 
are cultured from urinary tract of patient with indv,:el l ing catheter. Al o. they can be 
i olated from the re pirato!)' tract. a they often colonize it ( Donnenberg. 20 1 0 ) .  
imi lar to Enlerobocler. C. fi'eundii have inducible ampC genes encoded o n  the 
chromosome to resi t ampici l l i n  and fir t generation cephalo porins. In addition. 
pecies of this genu can be more drug resistant by acquisition of mul tidrug-re i stant 
plasmids ( Donnenberg. 20 1 0) .  
1 .2 A n ti- infective Th erapy 
The most important development of modem medic ine i s  the di scovery of 
anti- infective agents to treat infections cau ed b) bacteria or other pathogen becau e 
it aved l ives and helped in  control l ing infectious di ea es. The modern era of 
chemotherap began in 1 935  v,. hen it \Va not iced that the dye pronto i l  protected 
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mice against treptococcal infections. The antibacterial effect was due to the release 
of sulfani l amide after c leavage of pronto il in the body. Somewhat earlier. penic i l l in  
\\ a discovered \\ hen Alexander Fleming found that the mould Penicillium k i l led 
taphylococci ,  however the mass production of penic i l l in  started only in the 1940s. 
ub equent ly.  other ant ibiotics were discovered belonging to di fferent c lasses 
( Murray et aL 2009) .  
Infections cau ed by enterobacteria  can be  treated using different t pes of  
antibiotics that are working using different mechanisms: e .g .  p-lactams (penic i l l in  
derivat ives. cephalosporins and carbapenems). fosfomycin,  aminoglycosides. 
tetracyc l ines. chloramphenicol .  fluoroquinolones and polymyxins .  Moreover. there 
are tudies on antimicrobial peptides that show promising results regarding their 
effect against mult i -drug resi stant (MDR)  Gram negative bacteria.  The mechani sm of 
action of these antimi crobials used in  the treatment of enterobacterial infections are 
discussed in the fol lowing sections. 
1 .2.1 I n h ibitio n of Cel l  W a l l  Syn t h esis 
Groups of ant ibiotics inhibit ing the synthesis of bacterial cel l  wal l  are p­
lactams (penic i l l i ns, cephaJosporins, carbapenems and monobactams) ,  glycopeptides 
(vancomycin and teicoplanin) ,  fosfomycin and bacitracin. Because there is difference 
in the cel l  wal l structure of Gram positi e and Gram negative bacteria. the response 
to the cel l wal l inl1 ibi tors wi l l  be different ( Greenwood et a 1 . .  2007 ) .  The different 
targets of cel l wal l  synthesis i nl1ibitory antibiotics are shown in Figure 2 .  
D I 
Figure 2 :  Th ite of a t ion of cel l -\\ a l l  active agent during bacterial cel l  \\ al l  
ynthe i ( PaL 20 1 3 ) 
rhospho"nol. 
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Glycopeptide and bacitracin  are ineffective against Gram negat ive bacteria. 
l ike the Enterobacteriaceae. since their cel l en elope prevent these large molecule 
from entering the cel l .  The mall molecules. uch a �- lactams and fo fomycin  enter 
the cel l through porin channel s  (Greenwood et a l . .  2007) .  
1.2.1 .1 �-Iactam A n t ibiotic 
�-lactam antibiotic form four major groups. which are penic i l l ins. 
cephalosporins. monobactams and carbapenem . They are named so becau e they al l  
share the �- lactam ring structure ( Figure 3 ). The e drugs are a l l  bacteric idal by 
blocking the cel l  wal l  synthe is .  
I igur " :  The chemical tructur of the main �-Iactam and �-Iactama e inhibitor 
( ordmann t al ,  20 1 2b)  
li-Iactams 
R,HN R,HN R 
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The ba ic ubunit of the peptidoglycan i a di accharide that i compo ed of 
;\"-acet) Igluco ami ne ( AG ) and .\ -acet) lmuramic AM) acid .  Chain of thi 
ubunit are made and cross-l inked with the pept ide bridges by penic i l l in-binding 
protein ( PBPs) which are transpeptidases. tran glyco ylases and carboxypeptidases. 
p-lactams have structure im i lar to the D-aJanyJ-D-alanine that PBP bind to on 
AG T M resi due . 0 �- Jactam antibiotics bind to PBPs and stop the final tep of 
cra s l ink ing. A a re ult. the cell wal l synthe i wi l l  be disrupted, and autolytic 
hydrol a  es of the cell wal l wi l l  be activated leading to cell death.  ( Murray et al . .  
2009: ordmann e t  a l . .  20 1 2b; Walther-Ra mus en  & Hoiby, 2006) 
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Penic i l l in  \\a di  co, ered in 1 928 by lexander Fleming but ,>., a not u ed 
unt i l  1 9�0 and wa cal led penic i l l in G. It contain the �-Iactam ring. \>., hich i s  
important for the antibacterial activity and a id chain that a certain the antibacterial 
pe trum. Due to the emergence of bacterial r i tance to thi antibiotic. a number of 
emi ) nthetic penic i l l in  were developed. ( Chamber . 20 1 0b) 
Penic i l l i n  are divided into c ia e which are : i) natural penic i l l in  ( e .g. 
penic i l l i n  G).  i i )  penic i l l ina e-re i stant penici l l in ( e.g. methic i l l in ). i i i )  
aminopenic i l l i n  ( e .g. ampic i l l i n ) .  i v )  carboxypenic i l l ins ( e.g. t icarc i l l i n )  and v )  
ureidopen ic i l l in  (e .g .  piperac i l l i n ) .  Aminopenic i l l i n  are active again t everal Gram 
negative bac i l l i  " herea carboxypenic i l l in  and ureidopenic i l l in  are active again t 
Pseudomonas oerugino a .  ( Chambers. 20 l Ob )  
Cephalo porins are broad pectrum antibiotic which are derived from a 
fungu cal led Cephalosporin acremoniu771 .  The are divided into fi e generation 
based on the antim icrobial characterist ics .  F irst cephalosporins are grouped a fir t 
generation cephalosporins;  and their acti ity i s  focused mainly on Gram po itive 
bacteria. Hov,;ever. e ery new generation of these drugs have impro ed activity 
again t Gram negative and reduced act ivit  against Gram positive bacteria. The third 
and fourth generations are named extended spectrum cephalosporins and the 
antibiotics of the fifth generation are described as methic i l l in-re i tant 
Slaph; lococcus aUfell(j ( M R A)-active drugs. ( ndes & Craig. 20 1 0) 
arbapenem are table to most �-Iactamase and hi bi t the broade t 
antibacterial pectrum among al l  �-Iactam drug ; they are active against almo t all 
� Gr� Do it ilLe bacteria. The mo t commonly u ed agent 
1 1  
belonging to thi group are In1 1 penem. meropenem. doripenem and ertapenem . 
hamber . 20 1 Oa ) 
ztreonam. the only of the monobactam drug in  use. inhibit only aerobic 
Gram negati \  e bacteria. Thi drug can be hydrolyzed by several c ia C �­
lactama e . c la  carbapenema es and extended pectrum �-Iactamases ( E  BLs) .  
Howe\ er. i t  i re i tant to  c ia  B �-Iactama e . ( Chamber . 20 1 Oa) 
1 .2. 1 .2 Fo fo rnycin 
Fo fom) c in  i s  produced natural ly  by Streptomyces pecies from where it i s  
obtained. I t  k i l l  bacteria by inhibit ing the DP- -acetylgluco amine enolp)Tu\'yl 
tran fera e ( furA ) enzyme which ha a role in the fom1ation of X-acetyl muramic 
acid .  I t  i main l)  u ed to treat uncomplicated cy t i t i  (Greenv.;ood et  a l . .  2007: 
Karageorgopoulos e l  al . .  20 1 2) .  The drug i general ly wel l  tolerated with few ad erse 
effects reported ( van Duin et al . .  20 1 3 ) .  Fosfomycin i s  one of the remaining 
treatment options in  ca e of a carbapenem re i tant Enterobacteria eae infection. 
however. according to in ritro observations. fosfomyc in resi stance may develop 
rapidly in a bacterial population. so \."ith the e. ception of non-compl icated urinary 
tract infections. it i s  advisable to use it as part of combination regimens ( Lee & Doi .  
20 1 -+) .  Fosfomycin has been shown to  be synergi stic  with carbapenem . col i st in. 
net i lmic in and t igecycJ ine in vitro ( amoni et a l . .  20 1 2 ) .  
1.2.2 I n h i bit ion of Protein y n the i 
1 2  
Before di  cu ing the protein synthe i inhibitory antibiotics. it i s  nece sary 
to brietl ,  ummarize the bacterial protein ) nthe i : The proc s tart \\ hen the 
me enger R A (mRN ) i attached to two ribo omal ubunits and methionyl 
tran fer RN ( tRN ) to fom1 the init iation complex . Then. amino ac id are added 
and na cent pept ide chain i formed. This proce will continue unt i l  the stop codon 
i encountered and the chain i s  tem1 inated. (Greenwood et a ! . .  2007) 
The protein synthe i inh ibitor that are u ed to treat enterobacterial 
infection are aminogl) co ide . chloramphenicol and tetracycl ines (Greenwood et 
a ! . .  2007).  
1.2.2.1 A m i noglyco ide 
I n  the 1 940s. the fir t aminogJyco ide drug  ( streptomycin)  was introduced 
from Sfreptomyce spp .. \\hich is one of two genu used to produce aminoglycoside 
drugs d irectly or indirectly. The other species are Jt.ficrol11ol1ospora pp. If  a drug i s  
deri, ed  from Streptomyces spp . .  then thi drug name wi l l  end with -m) cin and if a 
drug i s  derived from Jt.ficrol11onospora spp . .  that drug name wi l l  end with -micin .  11 
aminoglycosides exhibit concentration-dependent bactericidal effect again t Gram 
negative rod-shaped bacteria such as P elldOl11onas and Enterobacteriaceae. In orne 
ca es aminoglycosides should be used ynergi t ical ly with other drug l ike p­
lactams.  They cannot be u ed to treat infections caused by anaerobe because the 
process of entering the cel l  membrane is aerobic and energy-dependent (Gi lbert & 
Leggett. 20 1 0; Murray et a1 . . 2009) . 
1 .2 .2  I n h ib it ion of Protein ynthe i 
Before di  u ing the protein ) nthe i inhibitor) antibiotic . i t  i 
1 2  
nece sary 
to briell) ummarize the ba terial prot in ) nth i :  The proce tart \\ hen the 
me enger RN (mR A)  i attached to two ribo omal subunit and methionyl 
tran fer RNA ( tRN ) t [oml the init iation comple . .  Then. amino acids are added 
and na cent pept id chain i formed. Thi proce will continue unt i l  the top codon 
i en ountered and the chain i tem1inated. (Greenwood et aL 2007)  
The protein ynthe i inhibitor that are used to treat enterobacterial 
infection are aminoglyco ide . chloramphenicol and tetracycl ines (Greenwood et 
al . .  2007). 
1 .2 . 2 . 1  A m i n oglyco ides 
I n  the 1 940 . the fir t aminoglyco ide drug ( treptomycin)  was introduced 
from treptomyce pp .. \\ hich is one of nvo genu used to produce aminogl) coside 
drug d irectly or indirectly. The other pecies are J\ /icrol71onospora spp. If a drug i s  
deri\ed from treptomyce spp. ,  then this drug name wi l l  end with -myc in and i f  a 
drug i derived from Jficromonospora spp . .  that drug name wi l l  end with -micin .  1 1  
aminoglycosides exhibit concentration-dependent bacteric idal effect again t Gram 
negati,e rod-shaped bacteria such as P eudomonas and Enterobacteriaceae. In some 
ca es aminoglycosides should be used ynergistical ly  with other drugs l ike p­
lactams.  They cannot be used to treat infections cau ed by anaerobe becau e the 
process of entering the cel l  membrane is aerobic and energy-dependent (Gi lbert & 
Leggett. 20 1 0; Murray et al . .  2009) .  
1 .2.2 I n h ibit ion of Protein ynthe i 
1 2  
Bef re di  cu  ing  the prot in ) nthe i inhibitory antibiot ics .  it i s  neces ary 
to brieJl) ummarize the bacterial protein synthe i : The proce tart \\ hen the 
me enger RNA (mRN ) i attached to two ribo omal ubunit and methionyl 
tran fer RNA ( tRN ) to foml the ini t iation complex. Then. amino acid are added 
and na ent peptide chain i fomled. Thi proce wi l l  continue unt i l  the top codon 
i encountered and th chain i tenninated . (Greenwood et a l . .  2007)  
The protein ynthe i inhibitors that are used to treat enterobacterial 
infection are aminogl) co id . chloramphenicol and tetracycl ine (GreeJ1\\ ood et 
al . .  2007) .  
1 .2 .2 . 1  A m i noglyco ide 
I n  the 1 940 . the fir t aminoglyco ide drug ( treptomycin)  wa introduced 
from treptomyce pp . .  \" hich i one of two genu u ed to produce aminoglJ coside 
drug d irectly or ind irectly. The other pecies are l\/icrOl17onospora spp. If a drug i 
derived from Streptomyces spp . .  then this drug name wi l l  end with -myc in and i f  a 
drug i s  derived from Aficrol770110SpOra spp . .  that drug name wi l l  end \ ... ith -micin .  Al l  
aminoglycoside exhibit concentration-dependent bacteric idal effect again t Gram 
negative rod-shaped bacteria such as P 'eudomonas and Enterobacteriaceae. In ome 
cases aminoglycoside should be used ynergi stical ly with other drug l ike p­
lactams. The) cannot be used to treat infections cau ed by anaerobes becau e the 
process of entering the cel l membrane is aerobic  and energy-dependent (Gi lbert & 
Leggett. 20 1 0: Murray et al . .  2009) .  
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mm glyco id have ami nocycl i tol ring that is connected to amino or non-
ammo ugar through glycosidic bond . Streptom cin neither has amino sugars nor 
gJyco idic bonds and the central aminocyc l i tol in its tructure is strept idine whereas 
in the re t i 2 -deoxystreptamine. The deox streptamine-containing aminogJycosides 
are ubdiYided into three major fami l ies ( Table 1 )  which are gentamicin.  kanamycin 
and neomycin fami l ies. (G i lbert & Leggett. 20 1 0) 
Table 1 :  Aminoglycoside drugs c Ia  s i fication. ( Modified from Gi lbert & Leggett. 
20 1 0 ) 
Deoxystreptam ine-containing aminoglycosides Other 
aminoglycosidesl 
Gentamicin fami ly Kanamycin fami ly  Neomycin  fami ly  
Gentamic in Kanamycin eomYC l 11 
I sepamicin Amikacin Paromomycin 
eti lmic in Tobramycin  
M icronomicin Arbekacin  
I SOmlC 1 l1 D idekacin 
aminocyclitols 
-
Spectinomycin 
Streptomycin 
Drugs belonging to the fami ly of aminoglycosides inhibit bacterial protein 
synthesis by binding to the 1 6S rRNA, which is a component of the 30S subunit ( Wu 
et a1 . .  2009) .  This results in  the mis-translation of mRNA and production of abelTant 
proteins ( Murray et a l . .  2009) .  
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1 .2 .2 .2  Ch lora m phenicol  
Chloramphenicol i broad pectrum antibiotic that has bacteriostatic action 
again t rno t u ceptible bacteria, e pecia l ly Enterobacteriaceae. However. i t  has 
bactericidal ffect again t some bacteria l ike eis eria l17eningitidi , Streptococclis 
pneulJloniae and Haemophilu injlllen::ae. It inhibits the protein s nthesis by binding 
the �O ribo ornal ubunit and pre enting the fonnation of peptide bond. 
( Gr enwood et aL 2007; alvatore & Meyers, 20 1 0 ) 
1 .2.2.3 Tetracyc l ines 
Chlortetracycl ine, which is  the first described tetracycl ine. was obtained from 
soi l organi m rreptomyce aureofaciens in 1 948 .  After that a nwnber of deri atives 
\'"ere acquired . They are bacteriostatic agents that are active against Gram positive 
and Gram negative bacteria. mycoplasma. chlamydiae, rickettsiae and protozoa. 
TI1ey are not only used to treat infections caused by these organisms, they are also 
used in  animal feeds as growth promoters in several countries around the world .  
(Greenwood et  a1 . ,  2007;  Salvatore & Meyers, 20 1 0 ) 
Tetracyc l ines bind to the 30S subunit of the microbial ribosome result ing in 
blocki ng the attachment of arn inoacyl -transfer RNA to the A si te on the ribosome. 
Thus no more amino acids wi l l  be added to the pept ide chain and protein synthesis  in 
the bacterial cell wi l l  be i nh ibi ted. ( a l  atore & Meyers, 20 1 0) 
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1 .2 .3 I n h ibit ion of u cleic Acid ynthe i 
1 . 2.3. 1 Q u i n olone IFl u o roquino lone 
a l idixic acid (a  byproduct of chloroquine synthesis) i s  the first quinolones 
u d in  c l in ical pract ice. It was used to treat UTI caused by Gram negat ive bacteria 
but re i tance to it developed. This led to the development of other quinolones with 
low potency t i l l  i t  was found that adding a fl uorine atom at position C-6 and a 
piperazinyl group at po it ion C-7 enhance the potency of the dmgs which are cal led 
now fluoroquinoJones (e .g .  ciprofloxacin) .  ( Dalhoff. 20 1 2 � Hooper & trahi levitz. 
20 1 0: rfurray et a I . ,  2009) 
Further modifications introduced to the structures of fluoroquinolones 
resulted in new fluoroquinolones with retained Granl-negative bac i l lar act iv i ty and 
improved Gram-po it ive act ivity .  Levofloxacin and mox ifloxacin .  the most used 
newer fluoroquinolone have longer emm half- l i fe than ciprofloxacin al lowing once 
a day dosing. In addit ion moxifloxacin di splay i mproved activity against anaerobes 
(e .g .  Bacteroides jragilis) (Zhanel et aL 1 999) .  
Fluoroquinolones i nh ibit bacterial DNA synthesis by inhibit ing two essential 
bacteria l  enzymes in  D A repl ication. recombination and repair .  These enzymes are 
D A gyrase and topoi somerase IV .  When the ant imicrobial agents bind to the 
complex of each enzyme with DNA, it wi l l  cause breaks in the DNA and block D A 
synthesis and leads to cel l death . ( Dalhoff. 20 1 2 ; Murray et a l . .  2009) 
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1.204 C e l l  M e m b rane  Active Agents 
1 .2 .4.1 Poly myxin  
The two polym) . ' in  used in c l inical practice are polymyxins B and 
pol) m ) .' in  E (Col i  t in )  derivatives of Bacillus pol) 'l17)'xa and Bacillus colistin liS, 
re pectively. They are active against Enterobacteriaceae, Pseudomonas aeruginosa 
and A cinetobacter haumanl1ii and not active against Gram positive bacteria and 
anaer be . Moreover. they can't be used to treat infections caused by ei seria spp . . 
Protell pp .. Serratia marce cens as they are intrinsical l y  resistant to polymyxins 
( Falagas et  a l . .  20 1 0) .  
The e drugs were di covered in  1 947 and u ed  extensively t i l l  1 980 when 
they were abandoned becau e of their nephrotoxic ity. However. the are now 
returning to c l inical practice due to the increase in the emergence of mult idrug­
resistant Gram negative bac i l l i  ( FaJagas et aL 20 1 0; Kaye & Kaye, 20 1 0) .  
These cationic polypeptides bind to  the negati e l y  charged LPS .  part of the 
bacteria l  outer membrane. to cause membrane d isruption and eventual l  ce l l  death 
( Falagas et a l . .  20 1 0: Kaye & Kaye, 20 1 0 ) .  
1.2.4.2 A n t i m ic robia l  Peptides 
Searching for novel ant imicrobial therapies became a demand as there is 
rapid rise in the emergence of multi drug resistant microorganisms. Scient ists are 
searching for ant i - infective agents with d ifferent mechanisms of action to counteract 
the resistance. One group of the promising candidates is the ant imicrobial pept ides 
( AMPs),  which are produced by every l iving organism from prokaryotes to humans 
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(Choi & Gun Lee, 20 1 3 ) .  They are local ized in d ifferent mammalian ce l l  types such 
a neutrophil . macrophages, epithel ial cel ls and kerat inocytes. These peptides are 
part of th innate immunit) � they f01111 the fi r t l ine of defen e against invading 
microbe ( Mechkar ka et aJ . .  20 1 3 : Yeung et aI . ,  20 1 1 ) . In plants and fungi there i s  
no  acquir d immune system. hov, ever, they are protected by ilmate lmmune 
me hani m in which these peptides pIa a role  (Choi & Gun Lee, 20 1 3 ) .  
The d i  cover), of AMPs started at the end of the 1 920s when Alexander 
Fleming di covered a peptide that is able to lyse bacterial lav.'l1s. He cal led this agent 
1)' ozyme. However. the di scovery and its importance was neglected due to the 
d iscovery of penic i l l in and other ant ibiotics. In 1 98 1 ,  a pept ide was isolated from a 
moth pupa (Hyalophora cecropia) and then another group of scientists found 
peptides in the granules of polymophonuc lear cel l s  of humans and rabbits. Also, it 
wa found in 1 987  that the skin of an African frog (Xenopus lal'ei ) is rich of AMPs.  
i nce then hundreds of peptides were i solated and classified into different fami l ies 
(Conlon & Sonnevend, 20 1 ] :  Guani-Guerra & Teran. 20 1 3 ) .  
AMPs are recognized t o  be mult ifunctional ;  they ha e antimicrobial , 
chemoattractant. inmlUnomodulatory and cytotoxic activit ies ( Mechkarska et aI . , 
20 1 3 : Yeung et a 1 . .  2 0 1 1 ) .  The exact mechanism of the peptide ' s  antimicrobial effect 
is unknown. But it is known that most of these pept ides are cationic so they can 
interact non-specifical ly with the negatively charged bacterial cell membrane and 
cause di sruption (Conlon & Sonn evend, 20 1 1 ;  Guani-Guerra & Teran, 20 1 3 ;  
Mechkarska et a 1 . .  20 1 3 ) .  There are a number o f  mechanisms that are proposed and 
the most accepted ones are carpet model and barrel-stave model ( see Figure 4) 
( Guani-Guerra & Teran. 20 1 3 ) .  
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Figure 4 :  orne ugge ted action mechani m of AMP ( Bahar & Ren, 20 1 3 ) 
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(A)  Barrel-Stave mode l .  ( B )  Carpet mode l .  ( C )  Toroidal pore model 
orne synthetic peptides derivatives are being tested to be u ed as therapeutic 
drugs. However, their appl ication might just involve topical use and not systemic 
because there are obstacles inc1uding� i) l imited stabi l ity and unknown toxic i ty in the 
host. i i )  high manufacturing cost and i i i )  concerns regarding resistance acquisit ion to 
the therapeut ic and endogenous peptides . (Schlusselhuber et a1 . ,  20 1 3 ; Yeung et a1 . .  
20 1 1 ) 
The l im ited stabi l i ty of AMPs inside the host i s  due to inactivation, 
e l imination by k idney and degradation by proteases. Many of these molecules 
become inefficient inside the host due to the salt concentration and serum conditions. 
However, there are some peptides that are not affected by these conditions and 
successful ly  used systemical ly in animal model to treat bacterial infection. These 
molecules are e l iminated rapidly by k idney because they are smal l .  To solve this 
problem, it i s  suggested to extend the length of these peptides. To overcome the 
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proteOI)1ic degradat ion. it i s  propo ed to do some chemical modi fication In  the 
pept ide tructure. ( Schlu s lhub r et a 1 . .  �0 1 3 ) 
Recent \\orks involve frogs and toads as their skin secretions are rich source 
of AMP ( echkarska et a1 . .  20 1 2 ). Many of these frog derived AMPs ha e strong 
activity again t a broad range of Granl negative bacteria (Conlon & Sonnevend. 
20 1 1 ) .  
1 .3 Ant ibiot ic  Resistance 
Bacteria re ponded to the use of antibiotics  by exhibit ing resi stance to these 
drugs using d ifferent mechanisms. Most probably the re istance i s  obtained from 
antibiotic-producing organisms that are common in soi l and water. Additionally, 
there are environmental bacteria that survive on ant imicrobial agents as they serve as 
their  carbon source.  Consequent ly. these microorganisms are rich in antibiotic 
resistance genes that can be spread horizontal ly  to susceptible bacte11a. (Opal & Pop­
Vicas. 20 1 0 )  
As a result. when antibiotics  were used. resistance started to  be rep0l1ed . For 
example. when pen ic i l l in  came into use, less than 1 % of Staphylococcus aureus 
strains were resi stant. However, in 1 946 the percentage of resistance increased to 
1 4% due to the extensive use that led to selective pressure. In the fol lowing year, 
38% of S. aureus strains became resistant to penic i l l i n  and nowadays more than 90% 
of this species are resistant to penic i l l i n .  Thi s was not the case with a l l  species; 
Streptococcus pyogenes infections were treated with penic i l l i n  over the same period 
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and it i t i l l  u ceptible to penic i l l i n despite th extensive use . (Greenwood et aL 
2007)  
Antibiotic re i tance can dev lop due to genetic  ariabi l i ty. which can occur 
by d ifferent mechani ms .  Change in  the bacterial genome occur randomly al l  the 
time. and under elective pressure of an antibiotic, changes favorable in this 
environment get fixed. For in tance. point mutation in  a nucleotide base pair may 
change the pec ificity of enz me substrate (e .g .  point mutations in s imple 
peruc i l l i nases such as TEM- l to become extended-spectrum �-lactamases ( ESBLs)) .  
oreover. large segments of bacterial DNA can be rearranged by inversions, 
in ertions, deletions. dupl ications or transposit ions from one position on the 
chromosome or plasmid to another. These large D A equences are cal led integrons, 
transposons or insertion sequences. Furthermore, D A canied by plasmids. 
bacteriophages or naked D A can be acquired and spread between bacteria by 
conj ugation, transduction and transformation. (Opal & Pop-Vicas. 20 1 0 ) 
According to Opal and Pop-V icas there are at least eight described 
mechanisms of antibiotic resistance which are : enzymatic degradation, decreased 
permeab i l ity, promotion of antibiotic efflux, alteration of target s i tes, protection of 
target site, overproduction of target, by-pass metabol ic  process and bind-up 
antibiotic .  Some of these mechanisms wi l l  be d iscussed with examples in the 
fol lowing paragraphs. 
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1 .3 . 1 R e  i tanee t o  �-Iaeta m 
1 .3 . 1 . 1  �-Iaeta m a  e 
R i tanc to �-lactam antibiotics i mainly due to the production of enzymes 
that hydrolyze the �- lactam ring and inact ivate the drugs .  These enzymes, �­
lactama e . are ei ther encoded by bacterial chromosome or by transferable elements 
l ike pia mid and transposons. I t  i s  worth to mention that genes responsible of the �­
lactamases production (bla ) are often residing on integrons that frequently carry 
other resi stance genes. as wel l .  This eases the di ssemination of multi drug resistance 
among bacterial species i f mobi l ized. ( Opal & Pop-Vicas. 20 1 0 )  
To  date, there are more than 600 described �- lactamases, some of them just 
d iffer from one another by one or few amino acids.  As a result their c lassification is  
complex. Ambler suggested c lassifying them according to their amino acid structure 
i nto four molecular c lasses A. B, C and D. On the other hand. Bush, Jacoby and 
1edeiros divided them into d ifferent functional groups based on their substrate 
profile and effect of enzyme inhibitors such as c lavulanic acid and ion-chelator. 
ethylenediaminetetraaceti c  acid ( EDTA) .  (Greenwood et a 1 . .  2007: Opal & Pop­
V icas. 20 1 0 )  
The genetic location of bla genes ( in plasmids or chromosome) was used to 
dist inguish the �-lactamases but this is not appl icable now because these genes can 
be mobi l i zed from chromosome to plasmids or transposon and vice versa ( Canton et 
a l . , 20 1 2) .  
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To break the amide bond. c la se A. C and D �- Iactamases use serine re idue 
at their acti \' sit whi le c la s B �-lactamase use zinc so thi s  class i s  cal led metal lo-
�-Iactama e (Opal & Pop-Vica , 20 1 0 ) .  ee Table 2 which shows Ambler 
cIa i fication f �-lactama 
Table 2: �- lactama mbler c la i fication (Adapted from Opal & Pop-Vicas, 20 1 0) 
Class Acti \  e ite Enzyme Type Substrates Examples in Gram-
negat ive 
A erine Pen ici II inases 
Broad- pectrum BenZ) Ipen ic i l l in,  TEM - l ,  SHV- J in  
aminopenic i l l ins .  Escherichia coli, 
carboxypen ic i l l ins. K! ebs ie!! apnell/non iae, 
ureidopen ic i i l l i ns, nanow- and other Gram-negat ive 
spectrum cephalosporins bacteria 
Extended- Substrates of broad-spectrum In Enterobacteriaceae: 
spectrum ( ESBL) plus oxym ino-p-Iactams TEM -deri ed. SHV-
(ceforax ime, ceftazidime. derived. CTX-M-deri ed 
ceftriaxone) and aztreonam 
Carbapenemases Substrates of extended-spectrum KPC- J ,  KPC-2 and KPC-
plus cephamycins and 3 in  K. pneul110niae 
carbapenems 
B Metal lo-p- Carbapenemases Substrates of e tended-spectrum I M P, V I M, G I M .  SPM.  
lactamases \\ ith the exception of S I M  
(Zn� ) aztreonam. plus cepham) cins 
and carbapenems 
C Serine C ephalosporinases Substrates of extended-spectrum AmpC-rype enzymes in 
plus cephamycins El11erobacteriaceae. 
A cinetobacterbaumannii 
D Serine Oxac i l l  inases 
Broad-spectrum Aminopenic i l l ins. OXA-fam i ly i n  P. 
ureidopen ici l l ins. c10xaci l I i n .  aeruginosa and 
meth ic i l l in, oxac i l l in and some Enterobacteriaceae 
nanow-spectrum cephalosporins 
Extended- Substrates of broad-spectrum OXA-derived in P. 
spectrum plus oxym ino-p-Iactams and aerllginosa. and 
monobactams Enterobacteriaceae 
Carbapenemases Substrates of extended-spectrum OXA-derived in 
p lus cephamyc ins and A cinetobacterspp . . and 
carbapenems OXA-48-type in 
Enterobacteriaceae 
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mentioned earl ier. the fir t p- Iactamase discoyered in the 1 940s capable of  
inactivating p n ic i l l in  was cal led penic i l l i nase. I t  spread rapidly among S aZireu 
i olates a it \\ u pia mid-encoded . In 1 960 . resi lance to ampic i l l in  was reported in 
Gram 1 1  gat i \ e bacteria due to the emergence of TEM- I .  It i s  a plasmid encoded 
nzyme that wa named after the pat ient ( Temoniera) from whom it was first isolated 
and de cribed . owaday . TEM-enzyme are spread worldwide by d ifferent 
Enterobacteriaceae and Psuedomonas aeruginosa. The other fami ly  of enzymes. 
which are related to TE 1-p-lactamases, the SHY -enzymes also disseminated widely 
among E. coli and K. pneulI1oniae. ( Opal & Pop-Vicas. 20 1 0 ) 
1 .3. 1 . 1 . 1  E x tended-Spectru m p-Lactam ases ( ES B L s )  
Because of the dissemination of TEM- and HV-p-Iactamases. the 
pharmaceutical indu try developed thi rd-generat ion cephalosporins that were stable 
to their  action. However, under selecti e pressure, point mutations in the genomic 
structure of these s imple enzymes occun-ed. and made them more powerful so they 
would be able to h drolyze the extended spectrum cephalosporins ( cefotax ime. 
ceftriaxone. ceftazidime or cefepime) and monobactams.  These enzymes are cal led 
Extended-Spectrum p-Iactamases ( ES B Ls) .  Nevertheless. they cannot hydrolyze 
cephamycins and carbapenems. Also. they can be inhibited by p-Iactamase i nh jbitors 
l ike c lavularuc acid. tazobactam and sulbactam. (Canton et al . .  20 1 2 : Opal & Pop­
Vicas, 20 1 0) 
Thi s  was one strategy used by Enterobacteriaceae to respond to the use of 
stable cephalosporins. The other strategy was to acquire new p-Iactamase gene from 
the environment (e .g .  acquisi tion of blacTx-M) ( D'Andrea et a l . .  20 1 3 ) .  General ly.  
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E BLs are located I II pia mid that faci l i tate their dis emination among 
Enterobacteriaceae. owadays. the mo t prevalent ESBL enzyme among the 
common TEM.  HV. GE . VEB and CTX-M enz meso is the CTX-M fami ly  in 
\\"hich 1 70 variants w re de cribed (according to \v\\w.lahey.org/studies ) .  CTX-M 
wa acquired from the environment. It bas been suggested that it is originated by the 
mobi l izati n of bla genes from the Gram negative Kluy\'era spp. chromosomes and 
integrated into tran ferable genetic platforms such as plasmids and transposons 
(Canton et aL 20 1 2 ) .  
1 .3. 1 . 1 .2 Carbapenem ases 
Becau e of the emergence of ESBLs that hydrolyze almost all �- lactams 
except carbapenems. the u e of carbapenems increased and this was fol lowed by 
rapid dissemination of carbapenemases. These enz mes are capable of hydrolyzing 
not only carbapenems but a lmost al l  �- lactams (Opal & Pop-Vicas. 20 1 0 ) .  
I n  Enterobacteriaceae the first carbapenemases identified were the IMP- l in 
1 99 1  i n  Japan. and the chromosomal ly encoded meA in 1 993 .  Soon after that other 
carbapenemases were described. Carbapenemases belong to 3 of the 4 Ambler 
c lasses : A. B and D .  ordmann e t  a l . .  20 1 1 )  
1 .3 . 1 . 1 .2 . 1  Class A Serine Carbapenemases 
There are a number of chromosomal ly encoded carbapenemases belonging to 
the c lass A such as mcA and IM I - l  ordmann et al . ,  20 1 1 ) .  Furthermore. the 
plasmid encoded c lass A carbapenemase, the Kleb iella pneu1110niae carbapenemase 
( KPC)  became one of the most important carbapenema es found worldwide in 
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different Gram negat ive organi m uch a E. coli. K. pneumoniae. Citrobacter and 
Enterobacter (Opal & Pop-Vicas. 20 1 0) .  
In  ] 996, the fir t a l le l ic variant of KPC (KPC-2)  was identi fied in K. 
plleul770niae in the United State . Then. KPC producers had spread worldwide: 
outbreak had been repOlied in Colombia. Greece. China and many European 
countrie . It ha been found that equence type ( T)-258 is the most common clone 
that \',:a found worldwide to carry blaK.pc genes in transposon Tn-l-lOl . (Nordmann et 
a 1 . .  2 0 1 1 )  
1 .3. 1 . 1 .2 .2  Class B Metal lo-�- Iactamases 
Class B metal lo-�-lactamases ( MBLs)  hydrolyze all �- lactams except 
monobactams (aztreonam) and they can be inhib i ted b EDT A ordmann et a1 . .  
20 1 1 :  Opal & Pop-Vicas, 20 1 0 ). The most common MBLs in Enterobacteriaceae are 
Verona integron-encoded meta l lo-�-lactamase ( VIM) ,  I MP-types and ew Delhi 
metaJ Jo-�-lactamase (NDM) (Nordmann et aI . ,  20 1 1 ) . 
The first identi fied M B L  was IMP- I ,  which was found in  Japan in 1 99 1 . 
There are 53  I M P  variants ( according to www . lahey.org/studies); the first ones were 
ident ified in countries l ike China, Taiwan. Italy. Austral ia and Canada. ( Hawkey & 
Jones. 2009) 
The Verona integron-related metal lo-�-lactamase- 1 (V IM - 1 ) was first 
described in Verona. Italy in 1 997 from Pseudomonas aeruginosa. This  i solate was 
resi stant to carbenic i l l in ,  piperaci l l in, mezloc i l l in ,  cefoperazone, ceftazidime, 
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cefepime. carbap nems and aztreonam. It carbapenemase act ivity was i nhibited by 
u ing EDT A and re tored by adding Zn2+ ( Lauretti et a1 . ,  ] 999) .  owadays, 46 VIM 
\ariam were a igned in v. ".,,\ . Iahev.org/ tudies and the were identified in  d ifferent 
p cies of Gram negative bac i l l i  worldwide (Zhao & Hu. 20 1 1 ) . 
DM- l wa first ident ified in 2008. in Sweden from an Indian pat ient. Since 
then. it  ha been found in d ifferent countries from almost all continent . The majority 
of ca e de cribed had a direct l ink with the Indian subcontinent . Moreover, DM- 1  
was found i n  tap and envirolUl1entai water i n  ew Delhi ordmann et a1 . .  20 1 1 :  
Wal h et aL 20 1 1 ) . However. the Balkan and the Middle East were also suggested 
as secondary re ervoirs of DM- l  producers (Nordmann et  al . 20 1 1 ) . The spread of 
D if i n  the Middle East can be due to the populat ion exchange between M iddle East 
and I ndian ubcontinent ( Dortet et a 1 . .  20 1 4b) .  
Unl ike bla�pc. bla 'OM gene i s  not associated with a single clone: it  has been 
reported in non-clonal isolates and in various species. Also. it  has been carried by 
different plasmids ( i n  molecular size and incompatibi l ity type ) that carry other 
resistance detemlinants such as ESBL gene and aminoglycoside resistance genes 
( 1 6S RNA methylases) ( Dortet et a 1 . .  20 l 4b; ordmalUl et a I . ,  20 1 1 ) . Studies of the 
genetic envi romnent of bla OM genes showed the presence of complete or truncated 
insert ion sequence I SAba 1 25 upstream and the bleomycin  resistance encoding gene 
(ble�1BL) downstream. B leomycin  is produced by Streptomyces verticil/us and has 
both antibacterial and ant i-cancer properties. Therefore, it was hypothesized that the 
use of bleomycin.  �-lactam and other antibiotics caused selective pressure and led to 
the spread of DM-producing isolates (Johnson & Woodford, 20 1 3 ) .  Many reports 
studying DM-producing A cinetobacler baumann;i revealed the bla OM gene located 
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between t\\- o copIes of I ba  1 25 f0I111 ing a compo ite transposon : Tn 1 25 .  
o n  quently. ident i fication o f  truncated form o f  Tn 1 25 in Enterobacteriaceae 
ugge t that Acinetobacter pp. i the reservoir of bla DM genes as it i s  postulated that 
both b/a D\1 and b/er-..1BL integrated into the chromosome of Acinetobacter baumannii 
where the I ba 1 25 i located and then tran posed onto plasm ids that can repl icate 
and transfer to Enterobacteriaceae. ( Dortet et a I . ,  20 1 4b; 10hnson & Woodford, 
20 1 3 ) 
There are 1 6  variants for the DM that were identified unt i l  today 
(ww\\ . l ahe\ .org tudies) . The first one identi fied after DM - l  is NDM-2 which 
d iffer by a single an1ino acid  substitution ( Pro to Ala) at position 28. Thi s variant 
\\'as not identi fied in Enterobacteriaceae . NDM-3 has amino acid substitution at 
po it ion 95 ( A  p to Asn). The ariant NDM-6 has a single amino acid substitution at 
posit ion 233 (Ala to Val ) .  DM- 1 4  has amino acid  substitution at position 1 30 ( Asp 
to Gly) .  I nterestingly. NOMA, OM-5.  N DM -7. NDM-8 and NDM- 1 2  have change 
in peptide sequence at position 1 54 (Met to Leu) .  NDM-5 has another amino acid 
substitution at posit ion 88 (Val to Leu) .  whereas, N DM-7 and N DM -8 have another 
amino acid subst i tution at posi t ion 1 30 (Asp to Asn) and ( Asp to Gly) .  respect ively .  
DM- 1 2  has another amino acid  substitution at  position 222 . ( Dortet et  aI . ,  20 1 4b; 
Tada et a l . .  20 1 4 ; Zou et a l . .  20 1 5) 
1 .3. 1 . 1 .2 .3 Cia s D Enzy mes of t he  OXA-48 Type 
Class D �-lactamases are resi stant to c lavulanic acid. tazobactam and 
sulbactam but in vi tro they can be inhib i ted by aC I ( Poirel et a1 . .  20 1 2b) .  In 
Enterobacteriaceae, the OXA-48 type enzymes hydrolyze carbapenems. The first 
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o -48 producer wa de crib d from K pneumonia i o late in 2003 in Turke, 
wh re OX -48 producers v,ere e -ten ivel reported for many years. After that they 
tarted to pread global ly .  Many c lone have been identified to produce OXA-48 by 
calT) ing the gene on a -62kb plasmid.  (Nordmann et a l . ,  20 1 1 ;  Poirel et a1 . ,  201 2b) 
There are eight identified OXA-48 ariants with carbapenemase activi ty ;  
OXA- 1 62.  OXA- 1 63 ,  OXA- 1 8 1 .  OXA-204, OXA-232, OXA-244. OXA-245 and 
OXA-3 70. The first one is OXA- 1 62 exhibits single amino acid substi tution when 
compared to OXA-48 .  It \\'a found in Turkey from K pneu111ol1iae i so late . Then. 
OXA- 1 63 \\'as found in Argentina and it is d ifferent from OXA-48 by four amino 
acid deletions and a subst itution. ( Poirel et a 1 . .  20 1 2b) 
The OXA- 1 8 1  exhibits four ammo acid substi tutions when compared to 
OXA-48 .  I t  was identified in India. ew Zealand. The Netherlands and the Sultanate 
of Oman from different enterobacteria ( Poirel et a 1 . .  20 1 2b) .  In some cases it was 
associated with other carbapenemase genes such as blaNDM.\ and bla IM.S 
(Castanheira et aL 20 1 1 :  Dortet et a 1 . .  20 1 2) .  A point mutant derivative of OXA- 1 8 1 
i s  OXA-232.  \vhich i s  d ifferent from OXA-48 by five amino acid subst itutions. It has 
been found in France from patients who have been in Maurit ius or India ( Poirel et a 1 . .  
20 1 2b) .  Another OXA-48 variant i s  OXA-204 that d iffers from OXA-48 by two 
amino acid subst i tutions and it was ident i fied in patients having l i nk to Algeria or 
Tuni sia .  ( Poirel et a I . ,  2 0 1 2b) 
OXA-244 and OXA-245 were identified in Spain .  They have single amino 
acid substitutions (Arg-222---)Gly and Glu- 1 25---)Tyr, respectively ) when compared 
to OXA-48 (Oteo et a I . ,  20 1 3 ) .  Morover, OXA-3 70 is d ifferent by amino ac id 
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ub titution ( re ul ted from three nucleotide d ifferences ) from OXA-48 (Sampaio et 
a I . .  20 1 4 ) .  
The pread of blaox -�8 gene i s  mostly related to  the spread of 62kb IncLIM 
pIa mid \\ herea blaox - 1 8 1  ha been identified in d ifferent plasmid type such as 
ColE and IncT ( Potron et a1 . .  2 0 1 3c ) .  The IncLIM plasmid does not carry other 
re i stance gene along with blaOXA-48 and the co-production of ESBL in OXA-48 
producer i becau e of other plasmids ( Potron et a 1 . ,  20 1 3b) .  
I t  was first identified that blaOXA-�8 i s  part of composite transposon Tn 1 999 
that consi ts of two I S I 999 inserbon sequences on both sides of the gene. Then, 
TnI 999. 2 \vas identified in i solates from Turkey that has an l S I  R upstream of the 
blaox\-48 gene. Tn1 999. 3 was identified in Italy from E. coli strain and it has another 
copy of I I R dov.mstream the blaoxA-48 gene. After that a new transposon was 
ident ified from E. co/; and E. cloacae isolates from France. This transposon cal led 
TnI 999 . ./ was made of truncated Tn1 999. 2 by Tn2015  that has an ISEcpl .  blacTx-M­
I :  and truncated Tn2-type transposa e gene ( Potron et aI . ,  20 1 3b)  ( Figure 5 ) . 
I nterestingly_ blaoXA- 1 8 1  and blaoXA.204 have different genetic  environment 
they are l i nked to ISEepi that i s  known to be responsible for the acquisit ion of 
ESBLs .  However. the segment between the blaoXA-204 and ISEepl was 46bp whereas 
it was 1 28bp between blaoXA- 1 8 1  and ISEep l .  Thi s suggests that they were mobi l ized 
original ly by different transposit ion processes ( Potron et aL 20 1 L Potron et aI . ,  
20 1 3a) .  OXA-232 was al so associated with I Ecp l .  however in this case the ISEepl 
transposase upstream of the carbapenemase gene i s  truncated. ( Potron et aI . ,  20 1 3c ) .  
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reover, blaox/\-370 has genet ic environment d ifferent than blaoXA-.. g :  in the 
up tream region it i flanked by a Tn3 fami l  InpA gene that i s  di srupted by I 505 �-
l ike I . Whi le in the dO\\l1 tream region, I I5- l ike I was inse11ed into the Tn.f 
fami l )  InpA gene ( ampaio et aL 20 1 4 ) .  
Figure 5 :  tructures o f  the Tn I 999-l ike tran poson harbouring blaoXA_�g ( Potron et 
aL 20 1 3b )  
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I t  is very essentia l  to detect carbapenemase producers in Enterobacteriaceae 
as they are most of the time multi  drug resistant. The detection i s  ba ed first on the 
screening step in which the sensit ivity results are evaluated careful ly, fol lowed by 
phenotypic testing. F inal ly_ molecular tests are done to confirm ordmann et aL 
20 1 2a). 
3 1  
The L I breakpoint were lowered i n  20 1 0  for better detection; the 
breakpoint cmrent ly used for imipenem and meropenem are a fol low: susceptible 
� 1 and re i tant >4 mglL and for el1apenem ( su ceptible )  �0. 5  and ( resistant ) >2 
mg/L re pect ivel, . Te ting the ertapenem susceptibi l i ty was proven to be the most 
en i t ive to d tect carbapenem resi stant i o lates ( D0l1et et a 1 . .  20 1 4b) .  
There are number of phenotypic tests such as modified Hodge test ( MH T )  in  
which carbapenemase production is  detected. However. th i s  test i s  not specific as 
CTX- -type producers gave false posit ive results. Moreover, it is not sensit ive 
because DM producers give fal se negat i ve resul ts .  The detection of DM by MHT 
can be improved by adding z inc into the medium. ( Dortet et  a 1 . .  20 1 4b; Nordmann et 
a 1 . ,  20 1 2a) 
Inlllbit ion testing can be perfon11ed usmg molecules that inhibit 
carbapenemase activ i ty .  For exanlple, boronic ac id i nhibits the activity of c lass A 
carbapenemases, while EDTA inhibits the activity of class B carbapenemases. 
Hov\'ever. these i nlllbit ion tests cannot be used for OXA-48-l ike producers 
( ordmann et a ! . ,  20 1 2a). Furthermore, CarbaNP test can be used to detect 
carbapenemases that hydrolyze imipenem and that can be shown as a color change 
due to the change of the indicator pH value (Nordmann & PoireL 20 1 3 ) .  Another 
colorimetric test for the detection of carbapenemases. the B lue-CARBA was 
developed and detected a l l  carbapenemase producers with 1 00% sensiti i ty and 
1 00% specificit  (P i res et aL 20 1 3 ) . 
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The molecular technique are the gold tandards a they have excel lent 
en i t i \  it} and p c i ficit . For example. polymera e chain reaction ( peR)  method 
and equencing are u d to detect carbapenemases and different iate between them. 
( ordmann et a l . .  20 1 2a) 
1 .3. 1 .2 Non p-Iactama e ca used resista nce to p- Iacta ms 
nother mechanism of resistance to �- lactams is  decreased outer membrane 
p nneabi l ity due to 10 or under-expre sion of porins. In some cases it is combined 
\\'i th �-lactamase production and this exacerbates the situation (e .g. emergence of 
imipenem re i stance in P eudol17ol1as aeruginosa) .  Moreover. active efflux pumps 
have a role in the resistance to �- lactams. (Greenwood et a1 . .  2007: Opal & Pop­
Vicas. 20 1 0) 
I n  Gran1 po i t ive bacteria. l ike Streptococcus pl1eul71oniae. the resistance can 
occur due to the modification of the target site which are the penic i l l in-binding 
protein ( PBPs) .  This wi l l  lead to low affini ty binding to penic i l l in .  (Greenwood et 
a1 . .  2007; Opal & Pop-Vicas. 20 1 0  
1 .3.2 Re i tance to  Fo fo mycin  
Resistance to fosfomycin  can be due to three major mechanisms which are : i )  
inactivation of the drug, i i )  target site modification and i i i )  reduced drug uptake 
( Karageorgopou\os et a\ . .  20 1 2 ) .  In experimental conditions it was noticed that 
mutations affecting either one of the two transport systems for the uptake of 
fosfomycin  (glycerol-3 -phosphate transporter ( GJpT) and a hexose phosphate 
transporter ( UhpT ) )  can result in fosfomycin resistance ( Karageorgopoulos et aI . ,  
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20 1 2 ) .  nother laboratory induced fo fomycin re  i stance mechanism im'olves 
mutational mod i fication of MurA the target of the drug ' s  action ( Kim et a l . .  1 996) .  
l though the e mechani m were extensively studied, the majority of cl inical ly 
rele\'ant fo fomycin re i tance ob er ed nowadays i s  due to the spread of plasmid­
borne fosfomycin inactivat ing resi tance genes such as FosA3 and FosC2 ( Li et a1 . .  
20 1 4 : Takamura et a1 . .  20 1 -1- ) .  Alarmingly, in China, South Korea and Japan the 
fo fomyc in re i tance gene was found co-local ized with ESBL or carbapenemase 
gene on plasmids. giving the possib i l ity to elect for fosfomycin resi stant i solates by 
u ing cephalosporins or carbapenems ( Li et aI . ,  20 1 4 ;  Qin et a ! . ,  20 1 4) .  
1 .3.3 Resistance to A m i n ogJycosides 
The target site modification, i .  e. methylation of the 1 6S rRNA confers 
resistance to all aminoglycosides. Thi s process is mediated by plasmid-coded rmlA 
gene and related genes such as rI71IB-F, and annA that are responsible for the 
production of the methyltransferase enzymes ( Fritsche et aI . ,  2008; Hidalgo et aI . ,  
20 1 3 ; Opal & Pop-Vicas. 2 0 1 0 ) .  The other common cause o f  amino glycoside 
resi stance is modification of the ant ibiotic b enzymes that are ei ther coded by genes 
on the chromosome or on transferable genetic  elements l ike plasmids and 
transposons. These enzymes mod ify aminoglycoside drugs using three reactions 
which are -acetylation, O-nucleotidylation and O-phosphorlytion. The type of 
mod ification and its site help in c lassifying these enzymes. (Greenwood et aI . ,  2007; 
Opal & Pop-Vicas, 20 1 0) 
Interestingly, there i s  an aminoglycoside-modifying enzyme that can mod ify 
another antibiotic from another antimicrobial c lass, which was di covered in  2006 . 
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Thi enzyme named aa (6 ')-lb-cr; i t  can acet late ciprofloxacin along with 
kanamy in. gentamicin and tobramycin .  It suggested that extensive use of 
tluor quino lone and ciprofloxacin cau ed elective pressure on the bacterial 
population and led to the de elopment of resistance (Opal & Pop-Vicas. 20 1 0 ) .  
Furthermore. aminoglycoside resi stance in Enterobacteriaceae may occur due to  the 
over-expre ion of mult idrug efflux pumps ( rillivasan et a l . .  20 1 4) .  
1 .3A Resi  tance to C h l o ra m phenicol  
Although chloramphenicol i s  not used widely because of its toxic s ide effects. 
re i tance to it i developed. The major cau e of resi stance is the production of 
chloramphenicol acetyl transferase: an enzyme that change the drug to monoacetate 
or diacetate which no longer can bind to the bacterial ribosome and block protein 
ynthesis .  Moreover. resi stance in Gram negat ive bac i l l i  can be caused by decreased 
penneabi l ity. ( Greenwood et a1 . .  2007; Opal & Pop-Vicas. 20 1 0) 
1 .3.5 Resistan ce to Tet racycl i n es a n d  Tigecycl ine  
Resistance to tetracycl ines i s  main ly due to reduced drug accumulation; as the 
drug enters the cel l  i t  is removed by efflux pump. Genes responsible of this 
mechanism are encoded on chromosome or plasmid. Also, it  can be found on 
transposable elements. The expression of thi s resistance is  inducible by subinJ1 ibitory 
concentrations of tetracyc1ines. ( Greenwood et a ! . .  2007; Opal & Pop-Vicas.  20 1 0) 
The other common resistance mechanism i s  the ribosomal protection. 
Furthennore. al teration of target site causes resi stance when a mutation in the 1 6S 
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r blocks th binding of tetracycl ine to the 30 subunit of the bacterial ribosome. 
This unu ual mechani 111 has been di covered in Helicobacter pylori. Furthennore. 
( tracycl ine re i tance may ari se due to the production of an inacti ating enzyme 
encoded b. the TetX gene. ( Opal & Pop-Vicas, 20 1 0) 
The glycylcyc l ine. t igecyc 1 ine was introduced to c l in ical practice to 
overcome the common tetracycl ine resi tance mechani sms. However. resi stance to 
thi newer drug wa alread pre ent before its introduction to the market (Zhong et 
aL 2 0 1 4) .  Tigecycl ine resi stance is usua l ly  due to the overexpression of acr AB and 
oqxAI3 efflux pumps: however, t igecycl ine resistance emerged during therapy due to 
expression of a novel efflux pump operon: kpgABC. It has also been shown that point 
mutation i n  the vertex of a very well con erved loop in the S I 0 ribosomal protein 
may lead to c l in ical  t igecyc1 ine resistance a \ el l .  (V i l l a  et  aI . ,  20 1 4 ) 
1 .3.6 Resistan ce to F l u o roq u i no lones 
Resi stance to fluoroquinolones in Gram negative rods i s  associated with 
al teration and protection of the target site: D A gyrase and topoisomerase IV .  and in 
alteration i n  the pem1eabi l ity. Protection of the DNA gyrase occurs through plasmid 
mediated qnr-encoded proteins ( QruA, QnrB. QnrC. QnrD and QnrS )  that bind to 
D A gyrase and protect it from quinolones. They are almost always identi fied 
together with ESB Ls. For exan1ple. qnrS genes are carried by transposons that 
contain TEM- 1 fJ-lactamases, while qnrA and qnrB genes are often found on 
integrons that carry other resistance genes to other antibiotics l ike �- lactams and 
aminoglycosides ( Dalhoff, 20 1 2) .  It has been suggested that the source of these 
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gene \\ ater-borne T 'ibrionaceae. a they were found in She11 'ane//a algae. 
different I "ibrio pp and P hotobacfeJ'iw71 projundJlI71 .  ( Dalhoff. 20 1 2 ) 
mentioned above. aminoglyco ide-modifying enzyme aac(6 ') -Ib-cr I S  a 
bifunctional variant that cau e re i stance to aminoglycosides and quinolones. It has 
been repolied that it caused resi stance to quinolones among E. coli strains in United 
tate ( Opal & Pop-Vica , 20 1 0) .  S imi lar to qnr, production of this enzyme is 
a sociated with ESBL production and this co-select resi stance due to the use of 
chemical ly  w1Telated drug . ( Dalhoff. 20 1 2 )  
Target site al teration i s  caused by mutations at the quinolones-resistance­
detem1ini ng region ( QRDR). These mutations cause changes in the D A gyrase 
which results in lov." affinity binding and so the resistance. ( Blondeau. 2004: Dalhoff. 
20 1 2 � Greenwood et a1 . .  2007: Opal & Pop-Vicas. 20 1 0) 
Also, membrane-associated efflux pumps contribute in the resistance and 
these pumps can be either specific to quinolones or non-specific transporters (Opal & 
Pop-Vicas. 20 1 0) .  TIns type of resi stance can be chromosome- or plasnlid-mediated . 
An example of the plasmid-mediated efflux mechani sm i s  the production of QepA 
proteins that are encoded by transposable elements a long with amino glycoside 
ribosome methyltransferase. Consequently, co-selection may occur due to the use of 
either aminoglycoside or quinolone drugs. ( Da1hoff. 20 1 2 ) 
Moreover. decreased amount of porins l imi t  the permeabi l ity of drugs and 
cause resistance. Al l these mechanisms work in concert to cause ful l  expression 
resi stance to fluoroquinolones (Opal & Pop-Vicas. 20 1 0 ) .  
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1 .3 .7  Re i tance to Poly myxin 
Enterobact r ia  hould mod ify it outer membrane in order for it to become 
resi tant to polymyxins. a result, the main mechanism of resi tance is the 
111 di fication of LP which reduces the binding affinity (Opal & Pop-Vicas, 20 1 0 ) .  
The modification of L PS u ual l occurs by the addition of 4-amino-4-deoxy-l­
arabinose ( L-Ara4 ) and/or phosphoethanolamine mediated by amino acid changes 
in the PmrAlPmrB and PhoP/PhoQ two-component regulatory systems (Olaitan et 
aL 20 1 4) .  The increased production of capsular polysaccharide or pumping out the 
drug from bacterial cel l  by active efflux pumps are other mechanisms why Gram 
negat ive bacteria became resistant to col ist in.  ( Fa lagas et aL 20 1 0 ) 
1 04 S p read o f  Re i tance by M o bile Genetic E lements 
The selection pressure caused by the use of ant imicrobial drugs led to the 
spreading of mobi le genetic elements that cany resistance genes such as transposons 
and p lasmids and caused genetic variab i l ity in bacterial cel l .  
Transposons are transferable genetic elements that can move within a 
bacterial genome; translocate a part of the genome from one position to another, or 
between various D A molecules. For example, they can be transfened from one 
plasmid (extrachromosomal genetic elements ) to another or from a plasmid to the 
chromosome. ( Murray et aL 2009: Opal & Pop-Vicas. 20 1 0) 
The simplest forms of transposons are the insert ion sequences ( ISs)  which 
carry genetic infon11ation needed for the transfer and insertion functions (e .g.  
transposase) between two inverted repeats. Transposons are different from insertion 
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equenc in that they carry other gene l ike ant ibiotic re i stance genes ( Murray et 
aI . ,  2009: Opal & Pop-Vica , 20 1 0) .  orne transpo ons are more complex and named 
compo ite tran po on because the contain two copies of insertion sequences on 
both ide of resi tance genes (e .g .  composite traIl poson Tn 1 999 that carries blaoxA-
48 bet",;een t\\"o copie of I 1 999 ( Poirel et aL 20 l 2b ). Insertion sequences and 
tran po ons cannot sel f-repl icate thus they should exist on a repl icon l ike 
chromo orne or pIa mid (Opal & Pop-Vicas, 20 1 0) .  
Antibiotic re i stance genes integrated into traI1SpOSOns o r  into plasmids may 
be captured and rearranged in gene cassettes in integrons, which have their own 
promoter region that fac i l itate transcription ( Greenwood et al .. 2007; Opal & Pop-
ica . 20 1 0) .  The recombinant potential of these tran posable genet ic  elements pIa 
all important role in  the e olutions and spread of plasmids carrying antibiotic 
resi stance genes. An example is an E. coli outbreak in  Toronto. in which it has been 
found that the plasmid carrying the blacTX-M- 1 5  was carrying many transposons and a 
number of ant ibiotic resi stance genes such as blaOXA-l .  blarE 1- 1  and aac(6 ' ) - Ib (Opal 
& Pop-Vicas, 20 1 0) .  
P lasmids. which can be horizontal ly transferred bet\ een bacterial populations 
b. conj ugation, may carry ant ibiotic resi stance genes and viru lence genes (Carattol i ,  
20 1 1 ;  Caratto l i  e t  aI . ,  2005 ; Opal & Pop-Vicas, 201 0) .  Addit ional ly, they may 
contain genes that al low bacterial cel l to survive in unusual and host i le envi ronnlents 
( Opal & Pop-Vicas, 20 1 0) .  The transfer of plasm ids through conj ugation requires Ira 
genes, which make conjugat ive plasrnids larger ( Opal & Pop-Vicas, 20 1 0) .  
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PJasmids are d fined a c ircular, double tranded D A molecule that 
repl i cate autonomou Iy in the cel l and vary in size; they range from few to more than 
400 k i lobase pai rs ( kb) .  In one bacterial cel l ,  multiple copie of a plasmid or different 
pIa mid can exi t .  However. related pIa mids cannot be propagated in one cel l .  This 
phenomenon helped in  the c lassification of plasmids according to their 
incompatibi l i ty ( Inc ) group . The ident ification of the Inc groups can be achieved 
u ing PCR-Based Repl icon Typing ( PBRT) scheme. By 20 1  L 27 Inc groups have 
been identified in Enterobacteriaceae. ( Carattol i ,  20 1 1 :  Caratto l i  et al . .  2005;  Opal & 
Pop-Vicas. 20 1 0) 
An example of extraordinary and successful d issemination of an antibiotic 
re i stance worldwide is  the spread of CTX-M-type �-lactamases. The main reason of 
that could be that blacTx-M genes are being spread by highly mobi l ized genet ic 
e lements uch as plasmids and transposons which are within successful bacterial 
c lones. The other reason i s  the co-selection of resistance as blacTx-M genes co-exist 
with aminoglycosides and fluoroquinolones resistance determinants. (Canton et aI . ,  
20 1 2 ) 
After analyzing the genetic environment of blaCTX.M genes, it has been 
suggested that blacTx.':d genes are captured from the chromosome of Kluyrera spp. 
by IS such as I S Ecp 1 or ISCR I .  which are integrated into integrons. These structures 
provide the blacTx-M genes promoters required for the high-level expression. These 
units are incorporated into transposons and then integrated to conjugative plasmids 
that can be found in high-risk c lones (Canton et aL 20 1 2; D'Andrea et aI . ,  20 1 3 ) .  See 
F igure 6. 
40 
The e c lone can b tran felTed horizontal ly to other bacterial specie and thi 
tran f r j enhanced by different factors uch a poor hygiene. increased worldwide 
trawL transfer of pat ient from one hospital to another. misuse and overuse of 
ant ibi t ic ( Dalho[f. 20 1 2 ; ordmann et a 1 . .  20 1 1 )  
Figure 6 :  H ierarchical complexity of blaCTX-M genes within genetic  structures and 
bacterial c lones ( Canton et aL 20 1 2 ) 
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Mo b i l ization,  ex pression 
Carbapenemase genes exhibit somewhat simi lar trends, with blaKPc spreading 
� ith a successful K. pneumoniae c lone ( ST25 8 )  on different I nc-type plasmids but 
usual ly as part of Tn440 1 transposons (Nordmann & PoireL 20 1 4) ;  and with blaNDM 
spreading on various plasmids, however the gene is ah ays preceded by the 3 '  end of 
I Aba 1 25 which provides the promoter to it ( Johnson & Woodford. 20 1 3 ) .  
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Chapter 2: Statement of the Problem 
1ultidrug re i stance ( M DR) of bacterial pathogen to antibiotics i a major. 
mergll1g global threat to public health. Carbapenem resistance is  of a special 
concern. l I1ce carbapenems are often considered as the antibiotics of last resort . 
Carbapenem resi stant El7lerobacreriaceae (CRE)  are on the l ist of top three 
threatening organisms of Center of Disease Control and Prevention (CDC) .  since 
some of them are resi stant to nearly a l l  ant ibiotics. The e bacteria cause healthcare 
as ociated infections with high morta l i ty rate. The United Arab Emirates has not 
been pared from the burden of multiple antibiotic resistant organisms, and although 
the 1 iddle East was sugge ted to be a secondary reservoir of the ne\>,'ly disco ered 
ev,-Delhi metal lo-beta-Iactamase (NDM), a carbapenemase enzyme considered b 
many as the ult imate. most successful carbapenemase ha ing e 01 ed to date. no 
data on DM producer Enterobacteriaceae were avai lable in this country . 
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Chapter 3 :  Aim and Objectives 
I n  order to develop and improve the control measures l imit ing the spread of 
re 1 tance g nes and re i stance strains. our aim \-va to assess the genetic support of 
the bla>"'D".l gene of the fir t ident ified DM producer Enterobacteriaceae i solated in 
the U E in �009-20 1 1 . Moreover, as NDM and OXA-48-type carbapenemase co­
producer Enterobacteriaceae emerged in this country in the fol lov,:ing years, our 
objective \ .... as to investigate the c lonal spread of the strain along with the 
tran mi sibi l i ty of the carbapenemase genes. and to compare them to s imi lar strains 
recovered in  two neighboring countries. in Oman and in Saudi Arabia. 
Furthem1ore. ince the carbapenemase producer i so lates are extremely drug 
re istanL leaving few treatment options. we aimed to find effic ient altemative 
ant imicrobia ls  by testing the fosfomycin susceptibi l ity of carbapenem non­
susceptible Escherichia coli strains i solated in the Arabian Peninsula. Additional ly, 
the in ritro effect of [E6k.D9k] h menochirin- I B  antimicrobial peptide analogue on 
selected NOM-producer Enterobacteriaceae i so lates was also assessed . 
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Chapter 4 :  M aterial and M ethods 
.t. 1 Bacterial  t ra i n  
For the fir  t part of our study. we  col lected 28 c l in ical ly relevant, carbapenem 
non- usceptible Enterobacteriaceae i olated in 2009-20 1 1 from four major hospital s 
in the E ( heikh Khal i fa Medical Ci ty. Tawam Hospital . Mafraq Hospital and Al  
in Ho pita) ) .  Of th i s  col lection the ones identified b screemng as  DM 
carbapenema e producer: three Kleb iella pneuJ71oniae, two Escherichia coli, one 
Enterobacfer cloacae and one CifTobacferjreundii were studied in detai ls .  
I n  the second project 7 K. pnellll10niae carrying both bla D 1 and blaoXA-48-i Jke 
carbapenemases were in estigated. These strains were identified as double 
carbapenemase producers in a col lection of 200 carbapenem non-susceptible 
Enterobacteriaceae col lected in 2009-20 1 3  from 1 6  d ifferent hospitals of the UAE 
( n=56) .  Saudi Arabia (n=54), Kuwait (n=27)  and Sultanate of Oman (n=63 ) .  Five of 
these double carbapenemase producer K. pneul710niae isolates were from UAE 
col lection. one from Oman and one from audi Arabia ( Sonnevend et aI ,  20 1 5a ) . Al l  
i solates were ident ified using V ITEK 2 ( BioMerieux ) and stored at  -80°C in 1 0% 
glycerol containing Tryptic  Soy Broth (TSB)  ( Oxoid) .  
In  test ing the ant imicrobial peptide analogue, [E6k,D9k]hymenochirin- l B 
efficiency. 8 selected DM- 1 producing Enterobacteriaceae (K. pneumoniae ABC 
52.  ABC 5 3 .  ABC 83. ABC 1 1 0, E. coli ABC 54  and ABC85, Enterobacter cloacae 
ABC 40 and Citrobacler freundii ABC 80 )  were used. 
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In e tabl i  hing fo fomycin u ceptibi l ity of carbapenem nOD- u ceptible E. 
coli, 46 non-repeat i o late from individual patients recovered in 20 1 0-20 1 4  in the 
ultanate of Oman (n=8) ,  Kuwait ( n=7 ) ,  Saudi Arabia ( n=4) and the UAE (n=27 )  
were inc luded. The train were isolated from blood (n=9 ). wound ( 11=4 ) .  urine 
( n= 1 5 ) .  re piratory ample (n=7) ,  cerebrospinal fluid ( n= l ) or screening samples 
( n=6) .  In case of four isolate . the submitting laboratory did not specify the sample 
type. In comparison. 24 individual carbapenem and 3 rd generation cephalosporin 
u ceptible E. coli i solated from bloodstream infection were also tested . 
.. t2 Antibiot ic  Suscept ib i l ity Test ing 
u ceptib i l ity of the even DM producer and seven DM and OXA-48-l ike 
double carbapenemase producer i so lates. and also their respective transconjugants 
and transfomlants to amikacin. gentamicin ,  c iprofloxacin .  tetracycl ine. 
chloramphenicol and u lfamethoxazole/trimethoprim was tested using Kirby-Bauer 
d isc d iffusion method . The minimum inhibitory concentrat ion ( M I C )  to irnipenem. 
meropenem. eliapenem. ceftazidime and aztreonam was establ ished by broth 
m icrodi lution method. For col ist in.  the MIC wa determined by using E-test. 
Fosfomycin  susceptib i l ity testing of Escherichia coli c l inical i so lates was 
carried out using the agar d i lut ion method . All tests were done according to the 
C l inical and Laboratory Standards Institute guidel ines (CLSI ,  20 1 2 ) .  E cherichia coli 
ATCC 25922 was i nc luded in each run for quality contro l .  
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ntibiotic di c u ed were pur ha ed from Ma t and antibiotic powders v,;ere 
acquir d from igma, . The Mueller Hinton Agar used in the experiments \\'ere 
from Pangul f  Lab o lution. 
The ml 111mUm inhibitory concentration of [E6k.D9k]hymenochirin- l B  
antimicrobial pept ide analogue was establi shed in duplicate in three independent 
experiment by standard microdi lution methods using 96-wel l  microtiter cel l -culture 
plate . erial d i lut ion of the pept ide in Muel ler-Hinton broth ( SO).lL)  ( Mast) were 
mixed with an i noculum ( SO).lL of 1 06colony fonning units (CFU )/mL )  from a log­
phase culture. Bacteria were incubated for 1 8  hours at 3 7°C in a humidified 
atmosphere of air. 
·t3 Phenotypic  Confirmation of Ca rbapenemase P roduct ion 
The production of carbapenemases was first evaluated b the mod i tled Hodge 
test. To perfornl this test Mul ler-Hinton agar plates (Oxoid) were inoculated with a 
0 . 5  McFarland suspension of E. co!; ATCC 25922. Then meropenem, ertapenem or 
imipenem disc was placed on the center. After that the negative control (E. coli 153 ) ,  
positive control (GR-KPC2) and the test strains were streaked from the disc towards 
the edges of the plate. After overnight incubation at 37°C, plates were examined for a 
c loverleaf type growth. ( C LS ! '  20 1 0 ) 
Synergism test was carried out to detect carbapenemases based on the 
inhibit ion by either phenylboronic acid ( PBA) to detect c lass A carbapenemases or 
using EDTA to detect metal lo-beta- Iactamases (Tsakr is  et a ! . .  20 1 0) .  Mul ler-Hinton 
agar plates were inoculated with 0.5 McFarland suspension of the bacterial strain.  
Then. three meropenem discs were placed on the plate. The first disc without any 
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inhibitor . whi le  th econd one with 292�g EDT A and the third one with 400�g 
PB . 11 increase of a minimum 5nIDl in the diameter of the zone of inh ibit ion with 
any inhibitor \\ a evaluated a a po it ive reaction ( Tsakri et a I . ,  20 1 0) .  
Carba P ( ordmann-Poire l )  te t was also performed as described 
( ordmalID et a l . .  10 1 2c ) .  Briefly. bacterial colonies were suspended in 1 00�1  of 
10mM Tris-HCL ly is buffer ( B-PER I I .  Bacterial Protein Extraction Reagent. 
Thermo c ientific .  U A) .  Then vortexed and kept at room temperature for 30 
m inutes. fol lov;ed by centrifugation at  I OOOOg for 5 minutes. 30�1  of the supernatant 
wa m ixed with pH 7 .8 .  phenol red solution with or without 3mg/mL freshly 
dissolved imipenem and 0. 1 mmollL Zn 04 ( igma. USA) .  The phenol red solution 
\vas prepared by mixing 2mL of a phenol red ( igma. U SA) solution 0 .5% (wt/vol )  
with 1 6 .6 mL of di sti l led water then the p H  value was adjusted t o  7 . 8  by adding 
drops of 1 N aOH. Color change. signal ing imipenem hydrolysis was obser ed 
after 2 hours incubation at 3 ic.  
4A Geno m ic DNA P reparat ion 
Bacterial genomic DNA was mainly extracted by heat treatment, in  which 
four to five colonies of the bacterial strains grown overnight on tryptic -soy agar 
(TSA) plates were picked and suspended in 200�1  of steri le dist i l led water. The tubes 
containing the suspension were incubated for 1 0  minutes at 99°C in thernl0-block. 
Then. they were centrifuged at 1 4800 rpm for 1 0  minutes. The supernatants were 
col lected from each tube and were stored at 4°C . In certain occasion bacterial 
genomic D A was prepared using the QIAamp D A Mini  Kit (Qiagen. Germany) .  
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Before ubmitting DN amples to further testing, a 1 6S PCR reaction was 
carn d out t e tabli h the pre ence of bacterial D A ( Louie et aL 2002 ) .  d TP' s 
u ed were from (Appl ied Bio y tem) \ hi le other reagent : l OX buffer with loading 
dye. MgCl2 buffer Q and Taq polymerase w re purchased from Qiagen. The Ultra­
pure dist i l led water was D A e. RNAse free and was obtained from Gibco. The 
reaction were performed on Appl ied Biosystems 2700. 2720 and Veriti 
them10cyc1er (ABI .  USA) .  PCR products were run in the presence of ethidium 
bromide on 1 -2% agaro e gels  that were photographed later using the B iometra gel 
documentation y tem ( B iometra, Gem1any) .  
·t5 l\folec u l a r  Detect ion of Ant ibiot ic  Re istance G ene 
The primers and conditions used for PCR detection of carbapenemase, ESBL.  
AmpC beta-Iactamase. ribosomal methylase and plasmid coded fluoroquinolone 
resistance genes are shown in Tables 3, 4 and 5 .  The ampl icons were col umn or gel 
purified u ing W izard SV Gel and PCR Clean-Up System ( Pomega. USA).  and 
\vere directl y  sequenced (see later) to confilm their identity. 
Gene I>r imer 
K PC-F 
hlllh.l'( K PC-R 
V I M-F 
bl(l\, I�1 V I M-R 
I M P- F  
hlalM!, l M P-R 
OXJ\-F 
blooXA-4R-hkc OXA-R 
N D M  I - Fo 
b1aNDM,1 N D M I -Re 
C 
blaTFM D 
OS-5 
blasllv OS-6 
PER-A 
blapER PER-B 
MJ\- I 
blacrx,M MA-2 
- -
Table  3 :  Primers and pe R cond i t ions ror thc detect ion or Carbapencmasc and ES B L  gencs 
Seq uence (5 ' -3 ' )  I n i t i a l  Cycle denaturat ion  
Carbapenemase & ES B L  genes 
CG Te l AG T" I 'C n 'C TG I C nG 
CTTOI CAlCC nG I TAGGCG 
AGT GGT GAG TA r cce . ACA G 
A I 'G AAA 0 1  G CGT GGA GAC 
CTA CCG CAG CAG AGT crT m 
A AC CAG T I T  I 'GC err ACC J\ I 
GCG rGG T !  AAGGATGAJ\CAC 
CATCAAG rTCAACCCAACCG 
TGC CGA GCG ACT TGG CCT TG 
ACC GAT GAC CAG ACC GCC CA 
rCG GGG AAA rG T GCO CG 
TGC T I  A A rc AGT GAG GCJ\ CC 
TTA 'rCT CCC TGT TAG CCA CC 
GAT TTG CTG A 1'' 1 '  TCG CTC GG 
A rG AAT GTC A1 T A fA AAA GC 
AAT TTG GGC TI A GGG CAG AA 
SCS ATG TGC AGY ACC AGT AA 
CCG CRJ\ rAT GR r rGG rGG TG 
---------- ---- --
40X ( 30" al 9 ... C, 
5' al 94"C 40" al 52 'c 50" al 
72 'C )  
4 0 X  ( 30" at 9 4  C, 
5' at 94'C 40" at 52 'C, 50" at 
n 'C )  
40X ( 30" at 9'" C 
5' al 94'c 40" at 52 'c 50" al 
72 'C )  
40X ( 30" a t  94 C, 
5' at 94'C 40" at 52 'c 50" at 
72 'C )  
30X ( 30" a l  9 4  C 
5' at 9 ... ·C 30" at 60 'C, I '  at 
n 'C )  
30X ( 30" a l  9 4  C, 
5'  al 94'C 30" al 60 'C, I '  at 
72 'C )  
30X ( 45" at 9 4  C 
5' al 94'C 55" al 60 'c I '  al 
72 'C )  
3 5 X  ( 4 5" al 9 4  C, 
5' at 94'C I '  at 52 'C I '  al n 
'C )  
30X ( 30" a t  9 4  C. 
5' al 94'C 30" al 55 'c I '  al 
n 'C )  
--
Fina l  extension A m pl icon 
s ize 
1 0' at 72 C 798bp 
1 0' al n 'C 390hp 
1 0' al  n 'c 2 32bp 
1 0' al 72 'C 438 
7 '  at 72 'C 3 79bp 
1 0' at n 'c 97 1 bp 
5' at 72 'C 798bp 
1 0' al 72 'C 925bp 
1 0' al 72 'C 543bp 
-
Reference 
( Poirel et a i . ,  
20 1 1 0 )  
(GhatH\� 1 el 
a l . , 2( 1 2 )  
I 
( Cao el a I . ,  
2002 ) 
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Table  4 :  Primers and pe R cond i t ions for the detect ion o f  A 111 pC beta- Iactamase and p lasm id coded n uoroq u i nolone res istance genes 
Gene Primer Seq uence ( 5'-3 ' )  
I n i l i a l  
Cycle F ina l  A m plicon denaturat ion extension s ize Rererence 
A m pC beta-Iactam ase genes 
MOX- I ,  MOX-2. MOX M F  G e l  GCT C A li  ( ,( ;A GCI  C A G  GA I 
C M Y - I ,  C M Y -R MOX M R  CAC AIT ( ,AC A I A  GGT G T G  G I  ( )  C 520bp to C M Y - I I 
LA 1'- 1 to LA 1 '-4, C I 1 M F  rGG CCA G A A  CTG ACA GC lC AAA 
C M Y-2 to C M Y - C I T M R  T 1 T  CTC CTG A AC ( fTG Gel GGC 462hp 7 ,  R I L- I  
OI I A M F  A AC rrr CAC A G G  r G  r GC T GGG r 30X ( 30" at 94 ( Pcrc/- Perc!. O I I A- 1 .  DI IA-2 405hp OI I A M R  CCG TAC GCA rAC TGG crT TGC 5'  at 94'C 'c 30" at 64 'c, 1 0' at n 'c & I lanson, 
ACC M \ -' AI C AGC erc AGC AGC CGG CI I 'A I ' at n 'q 2(02 ) 
ACC ACC M R  TTC GCC G C A  A r c  A T C  C C T  AGC 346bp 
EBCMF TCG GT A AAG CCG A TG TTG CGG 
M I R- I ,  ACT- I EBCMR CTT CCA CTG CGG e rG CCA GTT 302bp 
FOX - I  to FOX- FOX M F  A A C  ATG GGG TAT C A G  r iGA G A T  G 
5 b  FOX M R  CAA AGC GCG ' I 'M CCG GAT c i GG 1 90bp 
Plasmid  coded Ouoroqui nolone resista nce genes 
ql1rA QnrAIl1-F !\ C i A  GGA rTT erc ACG CC A GG 580bp QnrAIl1-R TGC CAG GCA CAG ATC 1 TG AC 
qnrS QnrBIl1-F GGM ATI I GAA A I�I CGC CAC TG 264bp ( Calloir ct a I . ,  QnrBIll -R TTT GCY G Y Y  CGC CAG TCG AA 20(7 ) 
qnrS QnrSIl1-F GCA AGT TCA rTG AAC AGG GT 3 5 X ( I ' at 94
'C. 428bp QnrSIll-R TCT AAA CCG TCG AGT TCG GCG 1 0' at 94'C I '  at 54 'c. I '  at I O' at n 'C 
qepA Qcp_A-F CTG CAG GT A CTG CGT CA 1 G 12 'C )  403bp QcpA-R CGT GTT GCT GGA GTT CTT C 
AAC6'- l b- TTG CAA rGC TGA ATG GAG AG ( Po l rc l  ct a l . .  
aac-6 '-Ib-cr cr l 2 1 8bp 20 1 1 b) AAC6'- lb-
cr2 CGT TrG GA r CrT GGT ( ,AC CT 
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Table  5 :  Primers and pe R cond i t ions [or the detect ion o f  r ibosomal methy lase res i stance genes 
I n i t ia l  
Cycle Fina l  A m pl icon Reference Gene Primer Seq uence (51-31 ) dena t u nl tion ex tension size 
Ribosom a l  met hy lase resista nce genes 
armA- f' rA r GGG ( ;GI CTI ACT A I T  CTG eel A I 5 1 4 hp annA armA-r IT T I ec A l l ecc I I e ICC n I 
rmtA- f' CTA GCG ree A re err I CC TC 635hr rllltA rmtA-r rTI GCT Tec ATG l 'el' 1 1  G CC 40X ( I  5" at 94 ( I  ritschc ct aI . ,  rlll t l1- f '  TCA ACG A fG cce rCA CCT C 5' at 94'C 'C, 30" at 58 'C, I Ol at 72 'C 4 59bp 2008 ) rllltB rll1tB-r GCA ( jGG CAA AGG i 'AA AA r ec 
I I  at 72 'C )  
rllltC-f  GCe AAA G TA e rc ACA AGT GG 752bp rmtC rmtC-r CTe AGA TCT GAC eCA Al'A AG 
nnt l )- f  CTG TT l '  G A A  GeC AGC GGA ACe j C 3 76bp rlll t ! )  rmtD-r GCG eCT CCA ITC A rT CGG AAT AG 
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5 1  
"'.6 M olec u l a r  Ty ping  of Bacterial  Strain 
"'.6. 1 Pul ed Field Gel  E lectro p h o re i ( P F G E )  
Bacterial train grown on T A plate were col lected and suspended in 2ml 
cel l u pen ion buffer ( l OOmM Tris : l OOmM EDTA. pH8.0)  t i l l  the density reached 3 
McFarland unit .  t the same time. 1 % plug agarose (S igma, USA)/ 1 % SD was 
melted in TE buffer ( 1 0mM Tri s :  1 mM EDTA pH8.0)  and kept at 54°C . 50011 1  of 
bacterial su pen ions were transferred to Eppendorf tubes in which 25 11 1  of 20mg/mL 
proteina e K ( Invitrogen) and 52511 1  of 1 % plug agarose were added. Quickly. they 
were mixed careful ly and transferred to 1 ml s ringes and kept t i l l  sol idified .  5ml of 
cell ly is buffer ( 50mM Tli s : 50mM EDTA pH8.0. 1 %  Sarkosyl )  containing 25 11 1  
proteinase K ( 20 mg/ml )  were di stributed into 50 ml  tubes into which 1 nun thick 
l ices of plugs were added. The tubes were incubated for 2 hours at 50°C with 
shaking. Afterward. the plugs were washed twice with 1 0  ml preheated steri le  water 
for 20 m inutes fol lowed b washing four t imes with 1 0  ml  preheated TE buffer for 
20 m inutes. The washing steps were done with shaking at 50°C . The plugs were 
stored at 4°C i n  5 m l  TE buffer. 
One plug of each strain was digested overnight at 3 7°C in a 1 00 II I of 
restriction enzyme mixture containing 1 011 1 of E buffer 4, 1 II I BSA. 30 U ( 1 . 5 Ill ) 
of )(baI enzyme (NE Biolabs. U SA) and 87 .5  II I of ul trapure water. After overnight 
incubation. the restriction mixture was replaced with 250 II I of 0.5 X TBE buffer and 
was left at room temperature for 30 minutes. 1 .4% agarose gel was prepared in 0 . 5  X 
TBE buffer. The plugs were inserted i nto the wel l s  and plugs of lambda ladder were 
also inc luded for standardization.  The gels were run in 0 .5X TBE in electrophoresis 
chamber of CHEF 0 A Mapper with temperature set at 1 4°C . The electrophoresis 
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program \\ a a fol lo\\ : 26 hour run with 6 Icm voltage grad ient. The init ial 
\\ itch t ime \\"a _ . _  econd and the final sv,itch t ime \\'a 54.2 econd with 1 200 
angle and l inear ramp. 
4.6.2 M u lt i locu Seq uence Ty ping ( M L  T) 
For the ML T of strains, genomic D A of strains was used in PCRs of the 
even housekeeping gene . Primer used for the PCRs are l i sted in Tables 6, 7 and 8 .  
PCR product were equenced and analysed . 
For 1 L  T of E. coli isolates, Wirth et al. protocol was used ( Wirth et a l . ,  
2006) and the sequence types were establ i shed using the E. coli MLST webpage 
(http://mlst .ucc . ie/mlstldbs/Ecol i ) .  For K. pneumoniae i solates, the protocol  of 
( Diancourt et a 1 . ,  2005 ) wa applied and the webpage 
(http: 1"",\\\ .pasteur. frlrecherche/genopole/PF8/mlstlKpneumoniae .html ) was used to 
determine the sequence types. M LST protocol of ( Miyoshi-Akiyama et a1 . .  20 l 3 )  
was used for E. cloacae isolates and the webpage (http://pubmlst.org/ec1oacae/ ) was 
used to define the sequence type. 
Table 6 :  Primers and cond i t ions used for E. coli M LST 
Gene P ri m e r  Seq u e n ce 
A m plico m  I n i t i a l  
Cycle F i n a l  size d e na t u rat ion extension 
Escherichia coli M LST ( W i ,-th et aI . ,  2006) 
adk adk F 5 ' A TT CTG CTT GGC GCT CCG GG 3 '  
5 8 3 bp 
adk R 5 ' CCG TCA ACT TTC GCG TAT TT 3 '  
fUJlle fumC F 5 ' TC A  CAG G TC GCC AGC GCT TC 3 '  
5 'GTA CGC AGC G A A  A A A  G A T  TC 3 '  
806bp 
fu mC R 
gyrB gyrB F 5 ' TCG GCG ACA CGG ATG ACG GC 3 '  
5 ' A TC AGG CCT TCA CGC GCA TC 3 '  
9 1 1 bp 
gyrB R 
icd 5 ' A TG G A A  AGT A A A  GTA G TT GTT CCG 3 5 X  (60" at  94 
icd F GCA C A  3 '  878bp 'C, 60" at 56 
icd  R 5 'GGA CGC AGC AGG A TC TGT T 3 '  
5 '  a t  94
'C ·C,  60" at 72 
1 0' at  72 C 
n 
mdh 5 ' ATG A A A  GTC GCA GTC CTC GGC GCT C )  
m d h  F GCT GGC GG 3 '  
93 2bp 
5 'TTA ACG AAC TCC TGC CCC AGA GCG 
mdh R ATA TCT TTC TT 3 '  
purA purA F 5 'CGC GCT GAT G A A  AGA GAT G A  3 '  
8 1 6bp 
purA R 5 'CAT ACG GTA AGC CAC GCA GA 3 '  
recA recA F 5 'CGC ATT CGC TTT ACC CTG ACC 3 '  
780bp 
recA R 5 ' TCG TCG A A A  TCT ACG GAC CGG A 3 '  
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Table 7 :  Pri mers and cond i t ions used for K. pnelll110niae M LST 
Gene P r i m e ." Seq uence 
A m plicom I n i t ial  
Cycle F i n a l  size d e n a t u ra t io n  extension 
Klebsiella pllell1110lliae M LST ( Diancourt  ct aI . ,  2005) 
rpoB V IC3 GGC G A A  A TG GC W G A G  AAC C A  
V IC 2  G AG TCT T C G  AAG TTG T A A  C C  
50 l bp 
gapA gapA 1 73 TGA AAT A TG ACT CCA CTC ACG G 
gapA 1 8 1  CTT CAG AAG CGG CTT TGA TGG crr 450bp 
I17dh mdh 1 30 CCC AAC TCG CTT CAG GTT CAG 
mdh 867 CCG TIT TTC CCC AGC AGC AG 
477bp 
pgi pgi I F GAG A A A  AAC CTG CCT GTA CTG CTG 3 5 X  (60" at 94 
GC 43 2bp 5 '  at 94·C 
·C 60" at 50 
1 0' at  72 ·C , pgi l R  CGC GCC ACG CTT TAT AGC GGT TAA T 
. 
C, 60" at 72 
. 
phoE phoE604 . 1 ACC T AC CGC AAC ACC GAC TTC TTC C )  
GG 420bp 
phoE604 .2  TGA TCA G A A CTG GTA GGT GAT 
infB inffi I F  CTC GCT GCT GGA CT A TAT TCG 
in tB l R CGC TIT CAG CTC AAG A AC TTC 
3 1 8bp 
lonB lon B I F CTT TAT ACC TCG GTA CAT CAG GTT 
ton B 2 R  ATT CGC CGG CTG RGC RGA GAG 
4 1 4 bp 
--�� 
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Table 8 :  Primers and cond i t ions used for E. cloacae M LST 
Gene Primer Seq u e n ce 
A m plicom I n i t ial  
Cycle F i n a l  s ize d e n a t u ra t i o n  extension 
Ellterohacler cloacae M LST ( M iyos h i -A kiya ma et  al . ,  20 1 3 )  
dl10A d naA- f2 A Y A ACCCGCTGTTCCTBTATGGCGGCAC 
dnaA- r KGCCAGCGCCATCGCC A TCTG ACGCGG 
I I S I  bp 
flisA fusA- f2 TCGCGTTCGTTAA C A A A A TGGACCGTAT 
fllsA- r2 TCGCCAG ACGGCCCAGAGCCAGACCCAT 
906bp 
gyrE gyrB- f TCG ACGA AGCGCTCGCGGGTCACTGTAA 
gyrB- r GCAGAACCGCCCGCGGAGTCCCCTTCCA 
I I S 3 bp 
3 S X  ( I S" at fellS IClIS- f2 G ATCA RCTSCCGGTKATCCTGCCGGAAG 9S ·C,  1 0" at 
84Sbp 2' at  9S
·C 7' at 72 ·C 
lellS- r ATAGCCGCA ATTGCGGTATTGA AGGTCT S O  ·C, I '  at 72 
. 
pyrG pyrG - f AYCCBGAYGTBATTGC RCA Y M AGGCGAT C) 
pyrG - r GCRCGRATYTC VCCCTS H TCGTCCCAGC 
S 3 S bp 
rp/B rp l B- f GTAAACCGACA TCTCCGGGTCGTCGCCA 
rplB- r ACCTTTGGTCTGA ACGCCCCACGGAGTT 
746bp 
rpoB rpoB- f CCGAACCGTTCCGCGAACATCGCGCTGG 
rpoB- r2 CCAGCAGATCC AGGCTC AGCTCCATGTT 
944bp 
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4.6.3 E n tero bacterial  Repet it ive I n tergen ic Con en u Poly m era e Chain 
Reaction ( E RI C-PCR)  
ERIC-PCR wa used to  veri fy d ifferences between donor, recipient. 
tran c nj ugant r transfom1ants. ERIC2 pnmer ( 5 " 
A GT AAGTG CTGGGGTGAGCG 3 ' )  was used as described (Versalo ic  et a l . ,  
1 99 1 ) . The comparison wa done vi ual ly  between the patterns obtained for each 
train . 
.. L 7 P i a  m id Work 
·t7. 1 P I a  m i d  P rofile Ana ly i 
The alkal i ne lysis method of Kado and L iu  was used with mmor 
modifications to detect plasmids ( Kado & Liu, 1 98 1 ) . Bacterial strains were 
i noculated on T A plates to obtain confluent grov,rth. After overnight incubation at 
3 7°C, cel l s  were col lected from the plate. suspended gently in 2S01-.d of I sing 
sol ution (3% SDS. SOflM Tris, pH l 2 . S6- 1 2 . S8 ) .  Then, the suspensions were mixed 
by gentle agitation unt i l  they became homogenous and viscous. fol lowed by 
incubation at 60°C in a thermoblock for 4S m inutes with gentle mix every I S  
minutes. 2S0fl l  of phenol-chloroform ( 1 : 1 )  was added and mixed gently .  The 
suspensions were centri fuged for I S  minutes at 1 3000 rpm.  Approximately 90fll of 
the top aqueous layer was transferred to clean tube containing S fl l  loading dye. 
ample were loaded in 0 .8% agarose gel and subjected to electrophoresis for 7 
hours at 1 20V.The gels  were stained with ethidium bromide (EtBr) for 20 minutes. 
de stained for 1 0  minutes and scanned using a gel documentation system ( Biometra. 
Germany).  E. coli V S 1 7  (Macrina et a I . ,  1 978)  and E. coli 39R86 1 (Tlu"elfal l et a l . .  
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1 986)  strain \", ere u ed a p Ia  mid l Z  controls .  whi le E. coli J53RAZ was used to 
ident ify th chromo mal band . 
...  7.2 Detect ion of Mega pla m i d  by S l  N uclea e Digestion 
To detect very large pia m ids. methods described b ( Barton et aI . .  1 995 )  and 
( Ba ta et a l . .  2004) were used with modificat ion. trains were cultured shaking 
overnight at 3 7°C in 1 5ml  T B .  On the fol lowing day, around 4X I 09 cel l s  were 
co l i  cted by centri fugation. washed with washing buffer ( 1  M aCl in 1 0  mM Tris­
HCL) and resuspended in  500).11 of EC buffer ( 1  M aCI ,  1 00 mM EDT A. 6 mM 
Tri -HCL 0.50/0 - laur)'l sarcosine. 0.2% deoxycholate ). The cel l suspensions were 
mixed with 500111 of PFGE sample preparat ion agarose containing RNase and 
ly 0 )1ne (to 5ml  of p lug agarose ( Sigma, U A) .  1 011 1  of RNa e ( l O).1gl).1 l )  and 0 .5ml  
of lysosyme v.ere added) .  Immediate ly  after mixing. 500).11  were transferred to I ml 
s)Tinges and left t i l l  sol idified. The plugs were cut into 1 mm thick s l ices and 
incubated in I ml of EC buffer containing 20).1g/ml RNase and I mg/ml Iysosyme at 
3 7°C for 1 m  to lyse the cel ls .  Then, the plugs were incubated at 50°C overnight in ES 
buffer (1 % - lauryl sarcosine in 0 .5  M E DTA) containing I mg/ml proteinase K .  Next 
day. the plugs were washed twice at 3 7°C with I ml of 1 mM phenylmethylsulfonyl 
fluoride ( PMSF, Sigma) that was prepared in  TE to inactivate the ES buffer and 
proteinase K. After that. they were washed twice with TE buffer at 3 7°C for 45 
m inutes to remove PM F completely .  
Before digestion, one plug from each strain was soaked twice in 1 m l  of 1 0  
mM TRI  pH 8 .0 for 1 5  m inutes a t  room temperature. They were then digested with 
1 unit of 1 nuc lease in 20011 1  of S 1 buffer ( 50  mM aCl ,  30 mM sodium acetate pH 
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4 .5 .  5 mM Zn 0../) D r I O minute at 3 7°C . To stop the reaction, l OO I-.Ll of cold E 
buffer was added (0 the plug and incubated for 1 5  minute on ice. The plugs were 
load d into the wel l s  of I % horizontal agaro gel . The size was determined using 
lambda ladd r PFG marker wa used. The gel was placed in electrophoresis  chamber 
of HEF DN Mapper ( BioRad. U A) in which 0 .5X TBE was added and 
temperature \va set at 1 4°C . The gel was electrophoresed for 1 8  hours on 6V Icm 
con tant voltages with 5 seconds init ial switch t ime to 25 seconds final switch time 
with l inear ran1p. The gel was stained, de-stained and photographed using Biometra 
gel documentat ion ystem ( Biometra , Gennany) . 
. 4. 7.3 P lasmid P u rificat ion 
The plasmid D A obtained by alkal ine I s is  method ( Kado & Liu .  1 98 1 ) was 
further purified. In brief, traces of phenol were removed by adding equal volume of 
chloroform and centri fuged at 1 5000 rpm for 5 minutes. The aqueous layer was 
col lected in new tube in which 1 : 1 0  volume of sodium acetate 3M pH 5 .2  was added. 
Then. 3 volumes of 99.9 % ethanol were added and tbe tube was incubated for at 
least 1 hour at -80°C . They were centrifuged at 1 5000 rpm for 30 minutes at 4°C . 1 
m l  of 70% ethanol was added to the pel let and centri fuged at 1 5000 rpm for 1 0  
minutes. The supernatant was d iscarded and the pel let was re-suspended with TE 
buffer after air drying. The same steps were done again except the addition of 
chloroforn1 to re-purify the D A.  
Furthermore. commercia l ly avai lable ki ts were used for i solation of plasmids, 
for smal l ones the Wizard® Plus SV Minipreps D A Purification System ( Promega, 
), for larg r one PureL ink H i Pure PIa mid Fi l ter Midiprep Kit ( Invitrogen . 
German) ) and QIAGE Plasmid Maxi Prep ( Qiagen. Germany) .  
4.704 Plas m id R F L P  
59 
In  order to compare the re triction pattern of plasmids of identical size and 
incompatibi l i ty group. 2-5 j..lg of pIa mid D A \ as digested for 4 hours with BOI71HI. 
EcoR! and HindII! ( I ncX3 p1asmids). Bamffl, Sma1 ,  XbaI ( IncH I l b plasmids) or 
with BanI I  and ael ( IncColE type) fol lowed by electrophoresis in 0.8% agarose gel .  
4.7.5 Plas m id T ra nsfer 
... . 7.5. 1 Conj ugation 
In  conj ugation experiments, azide and rifampic in  resi stant variant of E. coli 
J53RAZ wa used as a recipient. Both donor and recipient were inoculated into 5ml  
TSB and incubated shaking a t  3 7°C for 4 hours. Then, they were combined in 1 : 5 
ratios (donor: rec ipient) and incubated for 4 hours at 3 rc without shaking. The 
mixture was centrifuged at 3500 rpm for 1 5  m inutes. The pel let was re-suspended 
\vith 200j..l l TSB. which was divided into two and added as a drop in the center of 
T A plate. ext day. the growth in both plates was col lected in 5ml  PBS, centri fuged 
at 3 500 rpm for 1 5  minutes, washed with PBS and re-centri fuged. The pel let was 
resuspended in 3m1 PBS was serial ly d i luted, and 200j..l 1 of each di l ution was plated 
onto plates containing antibiot ics (to select recipient produci ng NDM:  1 50j..lg/ml a­
azid and 8llg/ml ceftazidime or 0 . 5 Ilg/ml ertapenem; and to select recipient 
producing OXA: 1 50llg/m1 a-azide and 0 . 5 Ilg/ml ertapenem and 200llg/ml 
dipicol inic acid)  and incubated at 3 7°C for 24-48 hours. Colonies were col lected and 
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te ted to confiml the tran fI r u ing ERlC P R ( see above) and PCR for respecti e 
gen , pIa  mid profi le anal)' i and antibiotic su ceptibi l ity te ting. 
Liquid conjugat ion wa p rfonned when multiple plasmids \ ere transferred 
\\ i th the methods de cri bed earl ier. Both donor and recipient were inoculated in 1 0  
mi  T B and incubated haking at 3 7°C for 4 hours. 2ml of donor culture was mixed 
with 8 ml of recipient culture and incubated at 3 7°C without shaking. After different 
t ime point ( e.g. I min.  5 min, 1 5  min.  30 min)  l .2 ml of bacterial suspension was 
taken and put into Eppendorf tube and vOJtexed. 200)1 1  was taken and spread on a 
T plate containing the required antibiotic while the remaining was centrifuged at 
1 3000 rpm for 1 m inute. The pel let was re-suspended with 200)1 1  TSB and wa 
plated out. 
Conj ugations were first attempted at 3 ic. if fai led it was repeated at 30°C.  I f  
n o  transconj ugants were obtained at any temperatures. transfonnation was carried 
out. 
4.7.5.2 T ra nsformation 
We used competent ce l ls  of E. coli DH5a or E. coli J53RAZ for plasmid 
transfonnation. These cel l s  were prepared by calcium chloride method. The strain 
( e.g. DH5a) was grown in LB broth shaking at 37°C t i l l  OD620 reached 0 .5-0 .7 .  The 
culture was centri fuged at 5000 rpm for 1 0  minutes at 4°C and re-suspended on ice 
with cold 50 m M  CaCh. Then, it was re-centri fuged at 5000 rpm for 1 0  minutes at 
4°C and re-suspended on ice with cold 50 mM CaCb. It was kept on ice for 20 
minutes and after that centri fuged at 5000 rpm for 1 0  minutes at 4°C . The pel let was 
6 1  
r - u pend d \\ ith 50 m CaCh that contain 20% gl cera l .  Final ly, 1 50 !-I I of the e 
c ] ]  \\ er al iquoted, snap fre zed i n  l iquid nitrogen and tored at -80°e . 
Five /-lg of purified pIa mid D (purified by alkal ine lysis or by kits)  was 
added to thaw d competent cel l s  ( recipient) and incubated on ice for 20 minutes. 
Then. they were heat shocked for 5 minutes at 42°C fol lowed by another incubat ion 
on ice for 2 minute . The mixture was added to 1 ml of TSB and incubated shaking 
at '"' 7°C for 1 hour. 200!-l l  of cultures were plated onto plates containing appropriate 
antibiotics ( for D M :  8!-1g/ml ceftazid ime and for OXA: 0 .5 !-1g/ml ertapenem) and 
incubated 0\ emight at 3 7°e . I f  thi approach fai l ed, the same steps were repeated ti l l  
the last incubation on ice. Then. the mixture was added to  20  ml  of TSB and 
incubated at 3 ]oC shaking for 2 hours. After that, the requi red antibiot ic was added to 
the mixture and incubated again at 3 7°C overnight. ext da , the culture was 
centrifuged at 3 500 rpm for 1 5  m inutes and re-suspended in 2ml PBS .  It was seria l ly  
d i luted and plated on plates containing appropriate antibiotics as mentioned above. 
The colonies obtained by both protocol s were subjected to PCR to confirm the 
transformation. 
4.7.6 Pe R-based Replicon Ty ping ( P B RT )  
PCRs were carried out targeting H I  1 .  H I 2, 1 1 .  X ,  LIM, N,  FlA. F IB,W, Y,P, 
FIe. Ale, T, F I I  , F . K.  B/O. X L  X2, X3,  X4 and H I l b repl icons (Carattol i  et a I . ,  
2005 : Dortet et aL 20 1 2; Johnson et  aI . ,  20 1 2 ) .  For the isolates carrying OXA-48-
l ike genes, three genes ( repA , traU and parA ), which are located on the OXA-LiM 
plasmids, were tested ( Poirel  et al . ,  20 1 2a) .  Primers and conditions used are 
mentioned in  Tables 9, 1 0  and 1 1 . 
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Po it ive c ntrol train for H l 1 .  H I2. 1 1 .  X. LI 1 .  . F IA,  F IB.W. Y,P. F Ie . c.  T. 
F l I  . F. K. BIO incompatibi l ity types provided by ° Carattol i  were used in the 
re pect i\  e PCR reaction ° For the ne\ ° incompatibi l i t  type , peR products obtained 
from c l in ical i olate \',;ere sequenced for confirmation and subsequently used as 
po i t i \Oe control .  
Table 9: Pri mers and con d i t ions L1sed for P B R T  ( J )  
Primer Seq uence ( 5'-3')  
I n i t i a l  
Cycle Final  denat urat ion ex tension A m pl icon s ize 
M u lt iplex PCR (C 'a ra Uol i  et  a I . ,  2005) 
I I I I FW GGA GCO A I G C iA I rAC r r C Am AC 
1 1 1 1  R V  n ,l '  CG l n C Ace rCG I G A  0 1  A <1 7 l bp 
1 1 1 2  I:W ITT C TC CTO AG I CAC CH , I rA ACA C 30X ( I ' at 94 
1 1 1 2  R V  G G C  I'('A C T A  C C G  I I G rCA I CC I 5' at 94 C 
'C, 3()" at 60 5' at 72 'C 644bp 
I I  FW CGA AAG CCG GAC GGC AGA A 
e, I '  at 72 'C )  
I I  R V  TCG TCG rTC CGC C A A  G TT C G  I' 1 39hp 
M u lt i plex PCR (CaraUol i  et a I . ,  2005) 
X FW A AC CTI AGA GGC I A r  n A /\c ;  I TOC TGA r 
X RV TGA GAG 'I CA A rT rTT A rc 1 CA rm I T T  ACC 30X ( 60" at 3 76bp 
LlM F W  O G A  T G A  A/\A C T A  TCA GCA I C I  GAA ( ;  
5 '  a( 94'C 
9<1 'e, 30" at 5 '  at 72 'C LIM RV CTG C/\G GGO COA TTC TTT AGG 60 'C, 60" at  785bp 
N FW GTC r AA CG/\ GCT 'I AC CGA AG 72 'C )  
N R V  GTT TCA ACT CTG CCA AOT TC 559bp 
M u lt i plex PCR (CaraUol i  et aI . ,  2005) 
F I A  F W  C C A  TGC TGG TTC T A G  A G A  AGO TG 
F I A  R V  GTA rAT CCT T A C  TOG c r r  CCG CAG 30X ( 60" at 
462bp 
F I B  FW GGA OTT CTG ACA CAC GAT TTT CTG 
5'  at 9<1'C 
94 'C, 30" at 5' at 72 'C F IB RV CTC CCG rCG CTT CAG GGC A'I T 60 'c, I '  at 72 702bp 
W FW CCT AAG A AC A AC AAA GCC CCC G 'C )  
W R Y GGT GCG CGG CA r AGA ACC OT 242bp 
M u lt i p lex PCR (Carattol i  et aL, 2005) 
Y F W  A A  l' TCA A AC A /\C ACT GTG C A G  CCT G 
Y R V  GCG AGA A T G  G A C  GAT TAC A A A  ACT 1'' 1 '  765bp 
PFW CTA TOG CCC TGC AA/\ CGC GCC AGA A A  3 0 X  ( I ' at 94 
P R Y  TCA C G C  GCC A G G  GCG CAG CC 5' at 94
'C 'C, 30" a( 60 5' at 72 'C 534bp 
FIC FW G TG AAC rGG CAG ATG AGG AAG G 
'c I '  at 72 'c) 
I F I C  R V  TTC TCC TCG TCG CCA A A C  TAO A r 262bp - - -- '----- - ----- -- -- - -
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Tab lc 1 0 : Primcrs and cond i t ions lIscd for P B R T  ( I  I )  
Primer Seq uence (5'-3 ' )  
I n i t i a l  
Cycle F ina l  A m pl icon size denat urat ion ex tension 
M u lt i ple" PCR (Carattol i  et  a I . ,  2005) 
/\/C F W  GAG A A C  CAA M iA C A A  AGA CC I ( ,C I A  
A/C R V  A C G  A C A  A AC C TG AA I I G C  C I  C C I r 
465bp 
TFW I rG GeC TGI I T(I I GC CTA AAC CA I 30X ( I ' at 9..J ·C. 30" at 
5'  at 72 'C 
TRV CG I r( J A  TTA C AC I T A  GC T T TG GAC 5' al 94 C 60 'C I '  at 72 C )  750bp 
F i l S  FW C'I G TeG I AA Gel GAT GGC 
F i l S  R V  CTC TGC CAC A A A  en CAG C 
270bp 
Th ree s i m plex PC Rs (Carattol i  et a I . ,  2005) 
Frcp13  FW TGA rCG ITT AA(J GAA rTT 1 G 
5' al 94'C 
30X ( 60" at 94 C 30" at 
5' at 72 "C 
Frcp13 R V  GAA GAT CAG TCA CAC CAT CC 52 'C I ' at 72 'C) 
270bp 
KIB FW GCG GTC CGG A A A  GCC AGA AAA C 
5' a1 94'C 
30X ( 60" at 94 C 30" at 
5' al 72 'C K R V  TCT TTC A C G  A G C  CCG C C A  AA 60 'C I ' at 72 'C )  1 60hp 
K/B F W  GCG GTC CGG A A A  GCC A G A  A A A  C 
5' at 94'C 
30X ( 60" at 94 C. 30" at 
5' at 72 'C 
13/0 R V  TCT GCG rTC CGC CM G1T CGA 60 'C. I '  at 72 'C )  1 59br 
Th ree s i m plex PCRs ( Poirel et  a I . ,  20 1 2a ). 
RcpA-A GAC ATT GAG TCA GTA GAA GG 
925br RcpA-1 3  CG T G C A  G IT C O T  CTT rCG GC 
TraU-A A rC TCA CGC AA r crr ACG TC 
5' at 94"C 
3 5 X  ( 60" at 94 'c, 60" at 
1 0' at 72 'C 
TraU-B TCG CGl CAT OCG rGA TCT I C 5 1  ·c 60" at 72 'C )  577br 
ParA-A GCA GTG AAA ACG TTG ATC AG 
5 32bp 
ParA-B GA T CGC AAT GCG Tel rGG rG 
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Primer 
i ncX I - F w  
IIIcX I -R \  
incX2-Fw 
incX2-Rv 
i ncX3-F\� 
incX3-Rv 
incX4-Fw 
incX4-Rv 
I ne l i l l B-Fw I Inc l i l l B-Rv 
Table 1 1 : Pri mers and cond i t ions used for P B R T  ( I I I )  
Seq uence (5' -3')  
I n i t ia l  
Cycle denat urat ion  
Four  s i m plex PCRs (Joh nson et a I . ,  20 1 2 )  
GCTTA< , /\CTTH ; ITI  ' 1 '/\ I C G  1 1  
1 /\/\ [G/\ I CC IC/\GC/\ I ( i l G/\ I 
GCG/\A<;/\/\/\ rC/\ /\AG/\/\GCT/\ 
TG TTGA/\ IGCCG r i el I C i  I CC/\G 
G'rTTrCTCC /\CGCCCTI'GT rc/\ 
C rTrGTGC T rGGCT/\ I C/\T/\/\ 
/\GC/\/\AC/\GGG/\/\/\GG/\O/\/\G/\CT 
T/\CCCC/\/\/\TCGTA/\CeTG 
e /\/\ /\/\C /\G/\ GAG T/\ r TCA ACe C 
CTO ArT C I T  I rc G/\G /\C/\ GGG 
-
5' at 95'C 
30X ( 60" at 95 °C. 30" at 5 2 0c, 60" at 
n °C) 
I n c l l l l b PC R ( Dortet et a I . ,  20 1 2 )  
J ° I 30X ( 60" at 94 C, 30" at 52 C 60' at 72 I 5' at 94 e C) ---_ ._--- - --
Final  extension A m pl icon 
si£e 
46 1 bp 
678bp 
5'  at n C 
3 5 1 bp 
569bp 
5' at 72 °C I 600bp 
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�. 7.7 outhern Blot  and H y bridizat ion 
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Thi m thod i perfonned in order to local ize different genes USIng the 
re p ct i,e probe . PIa mid gel pr pared a described by (Kado & Liu, 1 98 1 ) or by 
1 dige l ion fol lO\ved by PFGE ( Barton et al . .  1 995:  Ba ta et al . .  2004 ) were 
photographed with rulers placed around the gel to help in the identification of bands. 
Gel \\ ere depurinated in 0 .25 M HCI ,  fol lowed by denaturat ion in 0.5 M aOH. 1 
M aCl .  F inal ly .  they were neutral ized in 1 M Tris, 0 .6 M aCl .  Al l  these steps were 
done t\\'ice for ] 5 m inutes at room temperature with gentle  agitation. The gels were 
rin ed v"ith steri le dist i l led water between the e steps. 
The gel s  v;ere transferred by capi l lary action to Hybond N+ membranes: they 
were oaked overnight in 20XS C ( saline sodium c itrate ) .  ext day. the membranes 
were cross-l i nked using UV at 70 000 microjoules and the hybridization was done 
using the DIG D A label i ng and detection kit ( Roche, Germany). 
PCR was done using the respective control strains and the ampl icon was 
purified to prepare the probe for hybridization. The purified product was quantified 
using the D- 1 000 spectrophotometer and then labeled using the DIG D A label ing 
ki t .  For thi s  step, 200ng of the puri fied D A fragment was denatured by boil ing for 
1 0  m inutes i n  boi l ing water-bath and chi l led on ice. After that. the DNA was 
conj ugated according to the manufacturer's i nstructions. The blots were pre­
hybridized for 30 minutes in hybridization buffer at hybridization temperatures, 
which were calculated based on the size of probe and GC ratio ( Topt= Till-20
°
C with 
TIll=49.82 +0.4 1 (%G+C)-600/L ( L  i s  the length of the probe in base pairs)) .  After 
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pre-hybridization, the hybridization buffer containing the probe \\'as added and kept 
haking o\ ernight at the re pective hybridization temperature calculated. 
On the fo1 lowing da . membranes were washed twice at room temperature for 
5 minute with 2 C/O. 1 % DS. Then. they were \ ashed twice with 
O. l X  C/O. l o  a D for 1 5  minute at 68°C . After that, they were rinsed in  washing 
buffer at room temperature. The were incubated in blocking solution for 30 minutes 
fol lowed by incubat ion in antibody o lution for 30 minutes. The membranes were 
washed twice with wa hing buffer fol lowed by equ i l ibration in detection buffer. 
Lastly .  membranes were incubated in the color substrate solution in dark without 
haking t i l l  the label led band became vis ible .  
4.8 C l o n i n g  of bla'.\ D ;"1 
Genetic  urrounding of blal DM in K. pneumOl11ae ABC 1 09 and ABC 1 20 
could not be mapped by the PCR mapping approach. so from these i solates the 
bla�D\1 gene was c loned into pUC 1 9  vector, as described in (Ghazawi et aL 20 1 2) .  
Plasmid D A was purified using Invitrogen kit  and digested completely with 
Hindl I ! .  The result ing fragments were purified with Wizard® SV Gel and PCR 
Clean-Up System ( Pomega, USA) and eluted in elution buffer which was then 
l igated into pUC 1 9  overnight at 1 6°C using l igase enzyme. The vector was Enearized 
by HindlI l  and treated with calf intest inal alkal ine phosphatase before using it for 
l igation. The l igation mixture was transformed into E. coli DH5a competent cel l s  by 
fol lowing the transforn1ation method mentioned above. The fir t plating was on 
plates containing ampic i l l in .  When colonies were obtained, they were subcultured on 
plates containing 8�g/ml ceftazidime.  The colonies were screened by PCR for 
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blu 0\1 . From the p it ive ones pIa mid D A wa i olated and dige t d with HindlII 
to knO\.\ the ize of the in ert . 
.t.9 Characte rizat ion of the  Genetic  E nvironment  of both bla�o" l  and blao. · .\ 
The genet ic  caffold of the other bla 0\1 positive strains and in all blaOXA 
po itive i o late was determined by PCR mapping. The primers were designed with 
the help of Clone Manager software. The almeal ing temperature of 55°C was used in 
al l  PCR reaction with exten ion t ime dependent on the expected length of the 
product. ranging between 1 -3 min .  Primers used for the characterization of the 
genet ic  support of bla 'o l and blaoXA-48-l lke genes are l i sted in Tables 1 2 . 1 3  and 1 4  .
.t. l 0  Seq uencing 
Al l  PCR ampl icons were purified wi th Wizard V Gel and PCR Clean-Up 
ystem ( Pomega. SA ) and sequenced using the Big Dye Cycle Terminator V .3 . 1  
(Applied B iosystems)  on the 3 1 30X Genetic Analyzer (Appl ied Biosystems) according 
to the manufacturer's i nstructions. The obtained sequences were anal zed using 
M EGA 4 and C lone Manager v9 softwares. 
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Table 1 2 : Primer u ed in  characterizing the genetic environment of bla 'DM and 
blaox -48-I t\..e (1) 
N a m e  
A ndm l 
A ndm2 
ndm 1 -up l 
AS- I SAba 1 2 - -
I RL 
AS-NDM 1 -LR l 
AS- I SAba 1 2S- left 
AS I SEc33 _S I 
AS_I SEc33_S2 
AS- I S3000-8 
A ndmG -6 
AG I 32 U P I  
Up-ndm l fo 
Up-ndm 1 Re 
pS2_UP I f  
p52_V P l r  
AS I 3000 I -
AS I S3000 2 
AS 1 3000 3 - -
AS_l S3000_ � 
AS I 3000 5 - -
AS I S3000 6 
AS-I S3000-7 
AS_TSS I R RJ 
A ndmGS-6 
AS_ndmI S5J 
AS IS5 seq 
AS rmtC dn - -
ASndmGS-6 
ASrmtC re 
A S  nntC up 
AS rmtC seq 
Seq uence 5'-3' F u n ct ion Reference 
GTC GCA G CCC AGC TTC GCA Ghazav, i et aI. , 
Ampl ification and sequencing the 20 1 2  
GCC TCG C A  T TTG CGG GGT TTT entire bla'O\l gene Ghaza",i et a l .  
TA 20 1 2  
CCA GTG ACA A T  A TCA CCG TTG Sequencing the immediate 
Th is study G upstream region of bla'O\1 gene 
AGT AAA ACT TGA AGT GCG AC Ampl ification and sequenc ing of This study 
CGA CCG GGT GCA TAA TAT TG the upstream region of bla'D\l gene Th is study 
CAC CTT CGC TAG ACG TAG AC This study 
AAA TCA CCA ACC GGA CTG AG Sequencing of the PCR product This study above 
GTC ACG GAT ACG CAG AGT TG This stud) 
GGG GTT CTA GGG ATT TTC CG Ampl ify the upstream region of This stu� 
AAA CCC GGC ATG TCG AGA TAG 
bla'D\1 gene when IS3000 is 
present upstream of it 
CTTTTTGCCAGGGTGAATGT This stu� 
AAGATCAAGTCCGCCGCCCC This study 
CAAGGCCAAGTCGCTCGGCA This study 
ACCAGGCGAGCGCACTCATT Th is stud) 
ACGCGACAGCCAAGCTACCC This study 
GAT GGG TAG CTT GGC TGT CGC 
Th is study 
G 
GGC CGC CTT GGC GAA AAC AC 
Sequencing of the PCR product 
This stud) 
above 
A TC AGC TIT TCA GGC TCC TCC 
This snldy 
GCT 
GCG ACG GCA CCC AGC ACT TA This study 
TGA TCA GCT TTT CAG GCT CCT 
This study 
CCG 
CCC AGC AAG CCA GAG CCT GG This study 
AGG CAG GGA TTG CGA TCT TC This study 
GCGAACAAGTCCCTGATATG Ampl ify the upstream region of This study 
AAA CCC GGC ATG TCG AGA TAG 
bla'O\l gene when ISS i s  present 
This study 
upstream of it 
AATCGTCGGGCGGATTTCAC Sequenc ing of the PCR product This study 
TCGGGCGGACCAAATGATAC above This study 
CGTAGAGGCGGAAGTTACAC Ampl ify the upstream region of This study 
AAA CCC GGC ATG TCG AGA TAG 
bla 0\1 gene when rime is present 
This study 
upstream of it 
CAGCCAAAGTACTCACAAGTGG 
Sequencing of the PCR product 
This study 
AGAAATGGCTACGCACTGAG This study above 
G AAGATCACTCTCGCCTGAC This stu� 
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Table 1 3 :  Primer u ed in  characterizing the genetic environment of bla D1\1 and 
bla XA-l -l ike ( I I )  
'\l a me Seq uence 5'-3' 
ASndmDN -3 AAG TCG CTC GGC AAT CTC 
ASndmD-N-4 ATC GCC TCG GCA ACA TTC 
OXA-48A TTG GTG GCA TCG ATT ATC GG 
OXA-48B GAG CAC TTC TTT TGT GAT GGC 
AS I S I 9990ut TGC GCT TGA TGT TGT GCT TG 
A 0, A48dn GGT CGG TTG GGT TGA ACT TG -
AS I S  I 9990ut TGC GCT TGA TGT TGT GCT TG 
_OX A I 62up_ 
GAG GGC GAT CAA GCT ATT GG 
R 
AS insA L GGG TTG AGA AGC GGT GTA AG 
AS_OXA l 62up_ 
GAG GGC GAT CAA GCT A TT GG 
R 
AS OXA 1 62dn L GTC AAA CAA GCC A TG CTG AC 
AS Ly sR R I  CCA GCT AGT GCC A A  T CTT AC 
AS L)sR L GTC TGC GGC TCG AAT ACA CC 
AS LysR R2 CCC AAG CTG CAC GTG AAA CC 
AS L) sR L2 CAATATCAGCGCCTTCTTGG 
AS l S l 999f CCG CCA GCA A TT CTT TCT CC 
AS I S l 999r GCG CGA AGC CAA TAT CCT AC 
I S Ecp l U l AAAAATGATTGAAAGGTGGT 
AS_OXA I 62up_ 
GAG GGC GAT CAA GCT ATT GG 
R 
I SEcp l A  GCAGGTCTTTTTCTGCTCC 
I SEcp l B  ATTTCCGCAGCACCGTTTGC 
AS ISEcp l seq CCACCGCCATGTCGTATTTG 
AS OXA48dn GGT CGG TTG GGT TGA ACT TG 
AS_LysR_L2 CAATATCAGCGCCTTCTTGG 
F u n ct ion 
Ampl ification and sequencing the 
region downstream of bla'D\1 gene 
Part ial ampl ification and 
sequenc ing of blaOAA-l8-lIke gene 
Ampl ification and sequenc ing the 
region downstream of the blooM_ 
48-lIk< gene located in Tn 1 999 
transposons 
Ampl ification and sequencing the 
region upstream of the blaoXA-48-
like gene located in Tn 1 999 
transposons 
Sequencing of the above PC R 
products 
Ampl ification and sequencing the 
1 1 999 
Ampl ification and sequenc ing the 
region upstream of the bloOM- 1 8 1 
or blaoxA-:'32 gene 
Sequencing of the above PCR 
product 
Ampl ification and sequencing the 
region downstream of the blooM_ 
1 8 1 or 232 gene 
Reference 
Th is study 
This study 
( Poire l  et a I . ,  
20 1 1 b) 
Th is study 
Th is study 
Th is study 
This study 
This study 
This study 
This study 
This study 
This study 
This study 
This study 
Th is  study 
This study 
(Saladin et a ! . ,  
2002) 
Th is study 
(Lartigue et a I . ,  
2004) 
This study 
This study 
Th is study 
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Table 1 4 : Prim r u ed i n  characterizing the genetic  environment o f  bla D 1 and 
bla .' �8-l ike ( I I I )  
N a m e  Seq uence 5'-3'  F u n ct ion Refe rence 
preTn20 1 3A CAAAAGCATCAGACACCTCC ( Potron et aI . ,  
preTn20 1 3 B  ATATAAGTCTCTCTAGTCGG 20 1 1 )  
RepCol l S l -for T AC GGA TTG CGG ATG TTG CC ( Potron et aI . ,  
RepCoI 1 8 1 -Re\ GTG CTG GTG CGT CCA TTT GG 20 1 3) 
AS_CoI232_ 1 87f  TGGCCGGAATGGGCAACAAC Th is study 
AS Col232 222r GGGCGATCTGGTTCAGGTTG Th is study 
AS_CoI232_668f AGCGGCTGCAACCCTACTTC This study 
AS Col232 700r TGTCGGCCTTGTGGAAGTAG This study 
AS Col232 1 220f AGCATCGTCCTGTTCTTGAG 
Sequenc ing of the IncColE plasmid 
This study 
AS_ 01232_ 1 290r TGCCGCTCCGCTATCAATTC This study 
AS col232 1 752f GCGAGGCTTTGAGCGTTGAC 
harbouring blaOXA-232 This study 
AS_col232_ 1 845r CAACGATAATTCCCGCCGAT This study 
AS_col232_2 1 07r CATGGGCAGACGCGAGAATC This study 
AS col232 3939f GCCTCGCTCAAATTCGTTTC Th is study 
AS_coI232_ 4508r CAACATCCGCAATCCGTAGG This study 
AS co1232 S034f ACCGGGCATCAGGATATAAC This study 
AS_ co1232 56 1 9f TCTACCTGCTTCGCGGTCTC This study 
AS _ col232 _:76Sr ATAGGGCCTCGTCCATTCTC This study 
AS co1232 6008f TGCTGGAGAACGGCGAAGAG This study 
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C h a pter  5:  Res u l t  
5. 1 N D M - l  prod ucer Enterobacteriaceae i n  U n ited A ra b  E m i rates 
In the fi r t part of my re earch we focu ed on the newly discovered New-
Delhi metal lo-beta lactamase producer Enterobacteriaceae . Of the 28 carbapenem 
resistant Enterobactehaceae col lected between 2009 and 20 1 1 ,  seven \ ere posit ive 
for blo\;,o ..... 1 gene by pe R .  The c l inical data on patients' national i ty and previous 
hospital ization or travel to foreign countries within the last 1 2  months are shown in 
Table 1 : . 
Table 1 � :  Cl inical data of the N DM-producer Enterobacteriaceae studied 
N a m e  Specie S pec i m e n  Yea r of N a t io n a l ity of T ravel 
iso lat ion t h e  pat ient  h istory 
A BC40 Emerobacler cloacae Wound 2009 Emirati one 
A BC52 Klebsiella pneul110niae Tracheal aspi rate 20 1 0  Emirati India 
A BC53 Klebsie11a pnelll710lliae Tracheal aspirate 20 1 0  I ranian one 
A BC54 Escherichia coli Urine 20 1 0  Pak istan i one 
A BC80 Cilrobacter ji-eundii Urine 20 1 1 Bangladesh i  one 
A BC83 Klebsiella pneul110lliae asal screen 20 1 1 I raqi I raq 
A BC85 Escherichia coli Tracheal asp irate 20 1 1 Omani one 
5. 1 . 1  P henotypic Confirmat ion of Ca rbapenem ase P roduct ion 
one of the NDM-producing c l in ical i solates e hibited a positive modified 
Hodge test but al l  of them displayed a �5 mm inh ibition zone increase when 
combining 292 /lg E DTA with d iscs  containing 1 0  /lg meropenem ( Figure 7 ) .  
Figure 7 :  fod i fied Hodge te t of BC54 (A) .  The EDT A inhibition effect \\"hen 
AB 54 wa tested ( B) .  
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The carba P test was also attempted; however. we were able to get 
unambiguous result with the two NOM-producer E. coli strains only. The protein 
purification with the kit de cribed ordmann et al . .  20 1 2c )  was unsuccessful with E. 
cloacae ABC40 and C freundii ABC80. Furthermore, the protein extract of the three 
K. pneul710niae (ABC52.  ABC53 and ABC83 )  changed the color of the phenol-red 
reagent even i n  absence of imipenem. which made the reading of the test uncertain .  
The picture of the test wel l s  of the DM-producer strains and the controls. as wel l  as 
the OD570 value of them is shown in Table 1 6 . 
Table 1 6 : CarbaN P test re ults of DM- l  producer . 
Without im ipenem 
train 
OD57011111 
AB 40 
2 .98 1 
BC52 
1 .432 
ABC53 
1 . 792 
ABC54 
3 .247 
ABC80 
3 . 1 24 
ABC83 
l .687 
ABC85 
3 . 1 83 
GR-KPC2 
l .9 1 8  
J53RAZ 
2 .85 1 
o bacteria 
3 . 1 23 
T :  not tested. I :  non-interpretable 
With imipenem 
ODS7011111 
2.904 
1 .223 
1 . 372 
0.669 
2 .854 
1 . 1 3 8 
0 . 572 
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E aluation 
NT 
I 
I 
Positive 
NT 
I 
Positive 
Positive 
egative 
egative 
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5 . 1 .2 A n a ly i of the bla " o \ 1  PIa m id 
In mating- ut experiments, the bla'o1\l-carrying pia mid ea i ly  tran ferred 
from B 52 .  AB 53 .  BC54, ABC83 and ABC85 (donor ) into J53RAZ ( recipient ), 
either a a ingle plasmid. or often together with multiple plasmids also present in the 
donors. When ABC40 and ABC80 were used as donors, a l l  tran conj ugants posit i  e 
for bla 0\1 canied multiple plasmids. Therefore, from these strains the p DM was 
trans felTed into J53RAZ competent ce l ls  by transformation. 
To local ize the bla 0 1 ,  hybridization of the plasmid electrophoresis gel was 
perfoffiled (F igure 8 ) .  Al l  except ABC83 and ABC85 carried the D M  gene on 
approximately  50kb plasmids.  ABC83 calTied the gene on an approx. 1 70kb plasmid. 
whi le ABC85 on cc .  1 50 kb plasmid.  
F igure 8 :  P Ia  mid e lectrophoresis gel  hybridized with DM probe to locate the 
blaNoM 
154kb 
66.2kb 
37 6kb 
7 4kb 
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The D of ingJe pIa mid can'ying tran conjugant or transfonnant was 
puri fied by the alkal in Iysi method and used in P R-based repl icon typing ( PBRT) .  
The bla'D i-containing pIa mid ither belonged to incompatibi l i ty groups IncNC 
( BCSS) .  IncH I l b  ( BCS" ) .  IncX3 (ABC40, ABC54 and ABCSO) or \vere non­
ty pable ( BC52 and BC53 ) .  Thi s was confirnled by Southern blotting and 
h) bridization ,,,"ith the re pective probes ( Figure 9 ) .  
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S. 1 .3 Ant i biot ic  u cept ib i l ity Te t ing  
I I  c l i nical train \'v ere re istant to carbapenems, ceftazidime and aztreonam 
but remained sen it ive to col i  t in .  The susceptibi l i ty to c iprofloxacin,  amikacin, 
gentami in ,  tetracyc l ine, trimethoprim-sulfamethoxasol and chloramphenicol was 
variable.  The antibiotic sensit ivit ie of the c l in ical i solates and their respective 
tran conjugant I transformants are shown in Table 1 7 . 
S. l A  M olec u l a r  Detect ion  of A n t ibiot ic  Resista nce G enes 
1 7  d ifferent PCRs were carried out targeting common ESBL.  AmpC p­
lactama e, plasmid mediated quinolone re i stance and 1 6S methyltransferase genes. 
The results are sho\\u in Table 1 8 . A l l  i solates carried at least one ESBL gene co­
transferring by conj ugat ion or by transformation with the bla OM.  The plasmid coded 
fluoroquinolone re i stance gene. qnrB. was also present in all i solates except one. 
Three of the seven isolates carried an AmpC type beta-Iactamase also. Furthelmore, 
in the case of ABC83 and ABC85 ,  1 6  methyl transferase gene armA or rmlC was 
al so co-transferred with the respecti e D M  plasmid ( i .e .  1 50 or 1 70 kb). 
St ra i n  
.1 53 RAI. R 
A I 1C 40 W 
J 3 5 1t A/(pAl3C40n ) 1 F 
A BC 52 W 
1 3 5  RAl ( pAl3C52/4 ) TC 
A BC 53 W 
1 3 5  RAl ( pA BC53/5 ) TC 
A l3C 54 W 
1 3 5 1tAI (pABC54/5 A )  TC 
ABC 80 W 
J 3 5  RAl ( I1 A I 1C80T2 ) TF 
ABC 83 W 
J35  RAl ( pA l3C83/6 ) TC 
A BC 85 W 
1 3 5  RAZ ( pA 13C8517 ) TC 
Table  1 7 : Ant ib iot ic  suscepti b i l i ty o f  c l i n ical isolates and their  deri vati ves. 
M I C 
M ic rod i l u l ion 
I M I  M E R 
� 0.06 SO.06 
1 6  3 2  
4 2 
>32 >32 
4 8 
>32 >32 
4 4 
8 1 6  
2 2 
8 1 6  
4 2 
0,5 8 
0.5  0,5 
4 8 
4 I 
E RT C A Z  
<0.06 <0.25 
3 2  > 1 2X 
n.5 > 1 28 
>32 > 1 28 
2 > 1 28 
>32 > 1 28 
I > 1 28 
8 > 1 28 
2 > 1 28 
8 > 1 28 
I > 1 28 
8 > 1 28 
0.5 > 1 28 
2 > 1 2 8  
0 . 5  > 1 28 
AZT 
< 0.25 
� 1 28 
1 6  
> 1 28 
1 28 
> 1 28 
> 1 28 
> 1 28 
1 6  
> 1 28 
1 6  
> 1 28 
4 
> 1 28 
3 2  
- - -
D isc d i ffu sion 
E-tcst 
COL C I P  A M  
N'I 4 1  30 
0.04 7 0 2 1  
N'I 4 1  3 1  
0.094 0 0 
NT 3 7  3 1  
0.094 0 0 
NT 3 9  3 1  
0,064 3 7  2 6  
N T  2 5  3 1  
0,0 1 6  I I  29 
NT 3 7  30 
0,064 0 0 
NT 24 0 
0,047 0 0 
N T  3 7  0 
-
G M  TET 
2 7  2 9  
0 0 
2 7  2 9  
0 23 
2 8  3 1  
0 24 
26 3 1  
24 0 
2 8  3 1  
2 5  3 0  
2 7  3 0  
0 0 
0 33 
0 0 
0 3 1  
- - - _ .. -
SXT C H L  
37 23 
2 7  0 
39 2 5  
0 1 2  
39 27 
0 1 3  
3 7  2 4  
0 29 
38 26 
0 29 
36 2<1 
0 0 
0 25 
0 29 
39 2 7  
1 M l  i m i penem, M E R  meropenem, ERT ertapenem, CAZ ce ftazid i me, AZT aztreonam, COL col is t in ,  c r p  c i pro floxac in ,  A M  am i kac i n ,  
G M  gentam i c i n ,  TET tetracycl i ne, S X T  tr imethopri m -sul famethoxasol ,  C H L  c h l oram pheni c o l .  R reci p ient,  W w i ld type (donor),  TC 
transconj ugant ,  TF ( trans formant) ,  NT not tested 
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Table 1 8 : A n t i b iot ic  resi stance genes detected i n  t he N D M prod ucer c l i n i cal  i so la tes 
Plas m id 
ES B Ls 
M ed iated 1 6S 
Stra i n  
A m pC p - Quin olone methy ltra ns fc rascs 
lacta m ases Resistance 
blaT£M blasl lv  blaCTX-i\ l  
qnrA ,  qnrB, armA , rmtA , rmlB, 
qnrS rmlC, rmlD 
A BC40 N O  S I l V- 1 2  N O  N O  CfnrB N O  
A BC52 N O  S I I V- 1 2  N O  C M Y-2 qnrB N O  
A BC53 N O  S I I V- 1 2  N O  N O  qnrB N O  
A BC54 N O  S H V - 1 2  N O  N O  qllrB N O  
A BC80 N O  S H V- 1 2  N O  C M Y-72 qnrB N O  
A BC83 N O  S H V- I I CTX-M- I S  N O  qnrB (IrinA 
A BC85 TEM- I N O  CTX-M- I S  C M Y  -2. O H A - I N O  I'll/Ie 
N D= not detected 
Genes underl i ned were co-transferred when the hloN DM-carry ing p l asmids mob i l ized by conj ugat ion or t ransformation i nto J53 R;\z 
80 
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5. 1 .5 M o lec u la r Typing of N D M  P roducer I o late 
B) PFGE typing of K pneumon;cfe AB 52,  ABC53 and ABC83,  the former 
two exhibited identical panern . Of the two E. coli ABC 54 was t pable by PFGE. 
while B 85  howed D A autol si ( Figure 1 0) .  
Figure 1 0 : PFGE pattern of DM producer K pneumoniae and E. coli 
The result of the mult i- locus sequence typing of the seven N DM-producers i s  
shown i n  Table 1 9 . Besides d isplaying ident ical PFGE pattern, both ABC52 and 
ABC53 strains belonged to S T I I .  No other i solates in the strain col lection exhibited 
any other c lustering by their respective pu1sotypes or ST. 
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Tabl 1 9 : Al le l ic  profile and equence typ ( T)  of DM producer i solates 
train Al le l ic  profi le 
Seq uence 
ty pe (ST)  
E. cloacae 
dl7aA fusA g)'rB fellS PJ 'rG 'plB rpoB 
ABC40 9 1 00 1 4  6 1  3 7  4 9 ST 4 1 7  
E. coli 
adk fume g)'rB fcd }'1dh pllrA recA 
ABC54 6 1 9  1 2  1 20 26 3 ST 2206 
BC85 85  ] 06 1 7  6 5 5 4 ST 25 1 3  
K. pneumoniae 
gapA injB I77dh pgi phoE ,poB tonB 
ABC52 ,., 3 1 1 1 1 4 ST 1 1  .J 
ABC53 .., 3 ] 1 1 ] 4 ST 1 1  .J 
ABC83 1 6 1 1 1 1 1 ST 1 4  
5. 1 .6 The A l lele a n d  the  Genetic  Con text of the bla:-; D;"l  Gene 
All  seven DM-producer isolates carried the bla 01\1- 1 allele, although the 
genetic  surrounding of the carbapenemase was variable_ Enferobacfer cloacae 
ABC40_ Escherichia coli ABC54 and C fl-eltndii ABC80 harbored the insertion 
sequence IS5  di srupting the I SAba 1 25 upstream of the bfa OM- I gene (GenBank 
accession no, KC 1 49524) .  K. pnewnoniae ABC52 and ABC53 ,  which were 
i nd ist inguishable by PFGE and multi -locus sequence typing, possessed an insertion 
sequence IS3000 d isrupting I SAba 1 25 upstream of blaNOM- 1  (GenBank accession no. 
KC 1 49525) _  whereas in K. pneumoniae ABC83 the ISAba 1 25 upstream of the 
bla ' D\'1- 1  was d isrupted by an ISEc33 insertion sequence ( GenBank accession no. 
KC 1 49526) .  The upstream region of blaNOM- 1  in Escherichia coli ABC85 (GenBank 
accession no. KC 1 49527)  contained an IS903 inserted into the I SAba 1 25 .  Although 
al l strains harbored a truncated I Aba 1 25 ,  the length of its 3 '  end varied between 1 75 
and 2 1  bases, with the shortest one being present in Escherichia coli ABC85 (Figure 
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1 1 ) . Th regions sequenced downstream of bla OM- \ were identical in al l  our c l in ical 
i olate and uniforml) contained the bleomyc in resi stance protein coding gene 
( Figure 1 1 ) . 
Fi gure 1 1 : Genctic surrounding o f  hloNf )M- 1 idcnti  f led i n  our study_ 
ABC40, ABC54 and ABC80 
(KC149524) 
3' ISAba1 2 5  
155 1 7 5  bp 
1 ABC52 and ABC53 : 1 : I : I :  1 : 1 : I :  I : 1 : 1 : I : I : 1 : 1 : I : I : 1 : 1 : I : I : 1 : 1 : I : I : 1 : 1 : 1 
(KC149525) 
ABC83 
(KC149526) 
ABC85 
(KC149527) 
153000 
I 5 Ec33 
15903 
P:  promoter; B RP :  gene coding for b leomyc i n  resi stance protein 
3' ISAba 1 2 5  
78 bp 
bloNDM-1 BRP trpF 
"w.:-:;;;m��.&-t////////////, , .... :::.-//.. ::::::x : """� .� � ////////////, 
bloNDM_1 BRP trpF 
blaNDM_1 BRP trpF 
y////////////////////] 
blaNDM_1 BRP trpF 
8S 
5. 1 . 7 R F L P  
The bla D'\1-1  wa located i n  Enlerobacler cloacae ABC40, E cherichia coli 
B 54 and itrobacfer freundii ABC80 on an approximately 50 kb plasmid of the 
IncX3 type with identical flanking region harbouring the I 5 -interrupted I Aba 1 25 .  
Con equentl . re triction fragment length polymorphism was establ i shed by 
dige t ing the p DM purified plasmids with Bal17HI. EcoR! and HindII! restriction 
endonucleases. ABC54 and ABC80 exhibited identical plasmid RFLP pattern and 
s imi lar pattern with ABC40 ( Figure L) .  
Figure 1 2 : RFLP of the I ncX3 plasmids from ABC40. ABC54 and ABC80 
1 -
� 4-
5 
S 
(A) (B)  (C) 
MW 40 54 80 MW 40 54 80 MW 40 54 80 
(A) BamHL ( B )  EcoRl ,  (C) HindI I I  digestion. ABC40' ABC54; ABC80; MW, 
molecular mass standards (I HindUl digest, L i fe Technologies 1 -6 :  23 . 1 30, 9 .4 1 6, 
6 . 557 . 4 .36 1 ,  2 . 322 and 2 .027 bp. respectively ) .  White arrows indicate d ifferences in  
patterns 
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5.2 Cha racterizat ion of OXA a n d  N D M  Co-producer Enterobacteriaceae 
i o lated in the Ara bian  Penin u la 
peR creeJ1 lng of 200 carbapenem non-susceptible Enterobacteriaceae 
isolated in four countries of the Arabian Peninsula ident ified higher proportion 
( 8 . 9° 0) of double carbapenemase producer K. pneumoniae in the UAE compared to 
the remaining 3 countrie investigated. where the proportion of such isolates aried 
benveen 1 . 8 and 0% ( Sonnevend et aL 20 1 5a ) .  In  order to reveal whether thi s  high 
proportion of double carbapenemase producer K. pneumoniae was due to c lonal 
expansion. the 5 i so lates of the UAE were compared to each other. and to the other 
two double carbapenemase producer K. pneul11oniae. one i solated in Saudi Arabia 
and one in the ultanate of Oman. respectively. 
5.2. 1 Phen oty pic Confirmat ion of Carbapenem ase P roduct ion 
Al l  seven i solates exhibited a posit ive modified Hodge test. Moreover. they 
displayed a �5 nun i nhibit ion zone increase when 292 Ilg EDTA was added to 1 0  Ilg 
meropenem discs .  The carba P test was unambiguously posit ive with 4 isolates. 
whereas the protein extracts of three strains changed the color of the phenol -red 
reagent in  absence of imipenem as wel l ,  giving an equivocal reading (Table  20) .  
train 
BC I 06 
BC 1 20 
ABC 1 27 
ABC 1 28 
ABC l 3 7 
o 1ABC 1 09 
SA54 
GR-KPC2 
J53RAZ 
Ernpt 
T: not tested. 
Table 20 :The re ult of the Carba P test. 
Without irn ipenern With irnipenern 
0 0 - 7011111 ODS70nm 
1 .936 
1 .3 1 3  1 .42 
1 .23 1 
S l ight color change Color change 
2 . 1 85 0.404 
S l ight color change Color change 
2 .027 0.885 
l .9 1 8  0 .386 
2 .85 1 2 . 88  
3 . 1 23 2 .78  
1 :  non-i nterpretable 
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Evaluation 
Posi tive 
N I  
I 
I 
Posi t ive 
Posi t ive 
Positi e 
Posit ive 
Negative 
Negat ive 
5.2.2 M olecu lar  Typing  of the O XA  a n d  D M  Co-prod u cer K. p"eul1loliae 
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The i late vvere characterized b PFGE typing and multi -locus sequence 
t) ping. K pneuJ710niae ABC 1 20, ABC 1 27 and ABC 1 28 exhibited identical PFOE 
pattem ( Figure 1 3 ) and all three belonged to T 1 4  ( Table 2 1 ) . The rest of the 
i 'olate did not how any c lustering by either method. 
Figure l 3 :  PFOE pattern of OXA and DM co-producer K pneul110niae isolates 
Cl"l Cl"l 
'- 0 0 '-QJ rl rl QJ � \D 0 r-- 00 r-- u u ..¥. '- 0 N N N en co co '-ro ro E rl rl rl rl rl <l: <l: '<t E u u u u u � � L1'l u.. co co co co co <l: u.. � <l: <l: <l: <l: <l: 0 0 V1 � 
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Tabl 1 1 :  l le l ic  profi le and equence t pe ( T)  of each double carbapenema e 
producer K. pneu1I1oniae isolates 
t ra in  
A l le l ic  profi le Seq uence 
gapA infB mdlz pgi plzoE rpoB ton B  ty pe (ST) 
ABC I 06 4 1 1 52 1 1 7 ST 307 
ABC 1 10 1 6 1 1 1 1 1 ST 1 4  
BC l 17 1 6 1 1 1 1 1 ST 1 4  
ABC 1 18 1 6 1 1 1 1 1 ST 1 4  
BC 1 3 7 1 8  11 26 22 93 37  227 ST 1 3 1 8  
o if BC l 09 ... 3 1 1 1 1 4 ST 1 1  .J 
SA54 ') 3 2 1 1 4 56  ST 1 52 
5.2.3 Local izat ion of the  bla"D\ 1  a n d  blaOXA-48- I i  .... c Genes 
5.2 .3. 1 Conj ugat ion a n d  t ransformat ion 
Conjugat ive transfer of plasmids can-ying bla O M  and blaoXA-48-like into azide 
re i stant derivat ive of E. coli J53  ( J 53RAZ) was attempted separately with all i solates. 
The bIa, O\1-carrying plasmid transferred either alone or together with other pIa mids. 
With al l i solates, but ABC 1 3 7, a transconj ugant with single plasmid was obtained. 
Therefore. p lasmid prepared from one of the bla OM positi e ABC 1 3  7 
transconjugants with mult iple plasnuds was used in transformation experiment to 
transfer the plasmid carrying the bla OM gene into J53RAZ competent cel ls .  
The transfer of blaoxA-48-l ike carrying plasmid by conjugation fai led with a l l  
c l inical i solates except with ABC l 06. For the selection we tried both using O .5llg/ml 
ertapenem or 1 0llg/ml ampic i l l i n  but we fai led to get any transconj ugant. In order to 
get blaoxA-48-like carrying single plasmid derivatives. transformation into DH5a 
competent ce l ls  was perfomled and i t  was successful with ABC 1 20, ABC 1 27 .  
ABC l 28 ,  ABC 1 3 7 and SA54. 
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5.2 .3 .2  Loca l izat ion of blao'\. \_� - l i"e Gene in O M A BC I 09 
Tran fer of the b/aOX,\-48-Ii�e gene from OM B 1 09 was unsuccessful either 
by conjugation, or by transfol111at ion. Therefore, in order to local ize b/aOXA-48-I i�e 
gene in OM BC 1 09. 1 nuclea e d igestion was carried out and the gel was 
b) bridized u ing an 0 - 1 8 1  probe, which local ized the gene on the clllomosome 
( Figure 1 4 ) .  
Figure 1 4 : 1 digestion of the \ i ld type strains and hybridization with OXA- 1 8 1  
probe 
()) ()) ()) ()) 0 0 0 0 .-I .-I .-I .-I 
\.0 0 1'- ex) 1'- U U \.0 0 1'- ex) 1'- U U 0 N N N m co co 0 N N N m co co .-I .-I .-I .-I .-i « « <:t .-i .-i .-i .-i .-i « « <:t 
u U u u u � � l1'l U U U U U � � l1'l co co co co co « co co co co co « « « « « « 0 0 Vl « « « « « 0 0 Vl 
PFGE gel of the S 1 digested genome (A) .  Southern blot of the same gel developed 
after hybridization with OXA- 1 8 1  probe ( B )  
S.2A A n a lysis o f  the Pia  m ids  Carry i n g  blaOXA-�8-l i"e a n d  bla,;\D:'I1  Genes 
PCR based repl icon typing of plasmids was performed for the wild types and 
transconjugants/transformants and was confirmed by Southern hybridization with the 
9 1  
re pective probe . The bla D\1 wa located o n  simi lar sized (> 1 60kb) IncH I l b  
pIa mid in B 1 06 .  BC 1 20. BC L7. BC 1 28 and OMABC l 09.  In  ABC 1 3 7.  
hla D".t \\'a local ized on an approximately 50kb plasmid of incompatibi l i ty group 
IncX3.  The appro:\:. 1 1 0 kb DM plasmid of SA54 harbored the double repl icase 
gene of incompatibi l ity types F Ib  and F I I  described in pKOX NDM I (GenBank 
Acc. o. JQ3 1 4407) .  This latter incompatibi l i ty type was proven b PCR and 
equencing using the purified pIa mid as template. whi le the previous ones were also 
confim1ed by hybridization ( Figure 1 5 ) . 
Be ide the chromosomally located blaoXA .... g.l ike in OMABC l 09. the 
remaining i solate harbored thi s gene on plasmids.  ABC 1 06. ABC 1 3  7 and SA54 
canied the blaoXA_�8.l ike gene on an approx . 60kb I ncUM plasmid, whereas in 
ABC 1 20. ABC 1 27 and ABC 1 28 it was found on a cc .  6kb I ncColE type plasmid 
(F igure 1 6 ) .  
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Ince the 0 - 1 8 1  hybridization exhibited multiple bands in the 
tran fom1ant DH �a(p B 1 20-0XA-T 1 8 ). DH5a(p BC 1 27-0XA-T l l )  and 
DH5a(p BC L8-0X -T5), pia mids were puri fied and digested with BcIl7 I l  and 
Sac! re tri t ion enzyme . The RFLP patterns exhibited by these preps were identical 
and confi rn1ed the presence of a ingle plasmid of appro, . 6 kb size in a l l  the three 
tran formants (F igure 1 7 ) .  
Figure 1 7 : P ia mid RFLP patterns of IncColE type plasmids 
Ban l l  d igest ion Sacl d igest ion 
C() rl 00 rl rl rl lJ) rl rl lJ) l- I- l- I- l- I-
4: 4: I I 4: I 't; <i <i <i 't; x x x x x x c: 0 0 0 0 0 0 c: i I I I I i 0 0 I' 00 ro N N N N ro -0 rl rl rl rl -0 .D U U U U .D E co co co co E <i <i <i <i ro Q. Q. Q. Q. -l 
I 
The band sizes of  Lambda Hindl I I  are : 23 1 30 bp, 94 1 6bp, 655 7bp, 436 1 bp, 2322bp, 
2027bp. 564bp and 1 25bp 
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5 .2 .5  A n t i b iotic u cept ib i l ity Te t ing 
Th susceptibi l i ty re ults of \,,, i ld type and derivat ive trains are summarized 
in  Table 22, With the exception of BC 1 2? and ABC 1 28 remaining susceptible to 
aztreonam, a l l  e\' n wild type i olates were re i stant to all beta-lactam antibiotics 
tested, The seven c l in ical i solates were al 0 resistant to the non-beta- lactams tested 
except BC l 3 ? being usceptible to amikacin and chloran1phenico l ,  and SA54 being 
u ceptible to chloran1phenicol .  A l l  seven c l in ical i solate were susceptible to 
col ist in .  
5.2.6 M olec u l a r  Detect ion of A n t i b iot ic Resistance G en es 
I n  order to ident ify the other antibiotic resi stance genes carried by each 
i so late. d ifferent PCRs were performed. Al l  isolates except ABC I 3 ? carried either 
annA or rl71tc. which were also co-transferred with the respecti e NDM plasmids. 
qnrB gene was present in  al l  isolates except SA54 and i t  was cO-h'ansferred by 
conjugation with the blaNDM in ABC I 06, ABC 1 20, ABC I 27.  ABC 1 28 .  OMABC 1 09 
and SA54. imi lar to qnrB gene. aac6- lb-cr was present in a l l  i so lates and mobi l ized 
along with the blaND. 1 i n  al l  strains except ABC 1 3 ? The detai led results are shown 
in Table 23 .  
Tab l e  22 :  A n t i biot ic  suscepl i bi l i ty o f  c l i n ical iso lates and the i r  deri vati ves. 
M IC 
Strain  M icrod i l u t ion  E-test 
Disc d i ffusion 
I M I  M E I� ERT CAZ A ZT COL C l P A M  G M  TEl SXT C l I L  
.I 53 RJ\1' R <"0,2 5  <0. 2 5  0, 1 25 <.0.25 <.0. 2 5  N I  4 1  33 >25 25 J7 20 
DI 15u R < 0 , 2 5  < 0,25 <0 1 25 --0,25 < 0.25 N I  >25 3 5  >25 3 1  >25 >25 
J\BC I 06 W 8 1 6-32 8- 1 6  > 1 28 '> 1 28 0, 1 25 0 0 0 0 0 0 
J ( pJ\BC I 06/ 1 3 )  N OM TC I I 0,25 1 28 1 6-32 N I  2 7  0 0 22 3 5  0 
.I ( pABC I 06/4 ) OXJ\ TC 8- 1 6  32-64 3 2  0. 5 - 1  0 ,5- 1 N I  39 3 1  >25 2 1  3 7  1 5  
A BC I 20 W 64 > 1 28 .>64 / 1 28 > 1 28 0, 1 9  0 0 0 \ I  0 0 
J ( pABC 1 2(13) N DM TC I 2 0,5 1 28 < 0,25 Nr 24 0 ° 2 3  3 1  23 
O( pJ\8C 1 20 OXA r 1 8 )  1'F <0,2 5  I 1 <0,2 5  <'0,2 5  NI > 2 5  3 1  >25 3 3  >25 4 1  
J\BC 1 27 W 1 6  > 1 28 >64 > 1 28 I 0, 1 9  ° 0 0 \ I  0 0 
J (pAI3C 1 27/2) N OM TC I 1 -2 0,25 1 28 <'0, 2 5  NT 26 0 0 24 3 5  2 2  
O( pA13C I 27 O X A  ' I ' l l )  TF <0.25 2 2 <0.25 <0,25  NT 4 1  33 >25 33 .>25 4 1  
A 8C I 28 W 3 2  > 1 28 > 1 28 > 1 28 1 0,25 0 0 0 \ I  0 0 
J ( pABC 1 28/ 1 ) N O M  TC 1 1 -2 <0. 1 25 1 28 <'0.2 5  N' I 2 7  0 0 24 3 5  2 1  
O( pA BC I 28 OXA 1'5 )  TF <0.25 I 0.5 - 1 <0.2 5  <'0.2 5  N°I 4 2  3 1  >25 27 >25 37 
J\ BC 1 3 7 W 8 64 3 2  > 1 28 > 1 28 0. 1 9  1 6  2 2  0 0 0 22 
J ( pJ\BC 1 3 7  N D M  T I ) TF 1 -2 4 0,5- 1 '> 1 28 1 6-32 N°I 38 29 24 23 3 5  23 
O( pABC I 3 7 0XA T2 ) rF 0.5 2 I <0,25 <0.25 NT 4 1  28 25 30 40 23 
OM ABC I 09 W >64 1 28 1 6  > 1 28 '> 1 28 0, 1 9  0 0 ° 1 2  0 0 
J ( pOMA 13C I 09/ 1 6 )  N O M  TC 0.5 - 1 I 0.5 - 1 1 28 8- 1 6  N T  2 8  0 0 24 3 5  0 
SA54 W 1 6  32-64 8 > 1 28 1 28 0.25 0 0 0 1 7  0 28 
J( pSA54/4 ) N O M  TC 0.5 2-4 I > 1 28 <"0.2 5  N f  3 7  0 0 24 37 22 
O( pSA54 OXA T8)  TF 1 -2 2 0,5 <'0.25 <0,25 NT 4 2  2 5  >25 27 >25 3 5  
.. -penem ,  IVl t- K  meropenem, t J<" 1 enapenem ,  C f\L ceHaZLOl me, AL I aztreonam, C V L cOJ l st l n , Ci t' C I P  
GM gentam i c i n ,  TET tetracycl i ne, S X T  tr imethopri m -su l famctboxaso l ,  C I I L  c h loramphen ico l .  R reci pient,  W w i l d  type ( donor), TC 
transconj ugant, TF ( transformant ) 
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Strain 
ABC I 06 
ABC I 20 
A BC I 2 7 
A BC I 28 
A BC I 3 7 
O M A BC I 09 
SAS4 
N D :  not detected 
Tabl e  23 : Ant i b iot ic  res i stance genes detected in the double carbapencmase producer c l i n ical  i sol ates 
Carbapenemases 
N OM - I , O X J\ - 1 62 
N OM - I , O X A -2 3 2  
N O M - I , OXJ\-232 
N O M - I , O X A-232 
N O M - I , OX A-48 
N O M - I , O X A - 1 8 1  
N OM - I , O X A -4 8  
----
hlc!"( r :r.. 1 
TEM -
206 
T E M - J 
N O  
N O  
T E M - I 
N O  
TEM - I  
E S B Ls 
bias 1 1 \  blacrx_�( 
S I I V- I  CTX-M- I S  
S I I V- J  CTX-M- I S  
S I I V- I  N O  
S H V- I N O  
SI I V- 1 2  CTX- M- I S  
S I I V- I CTX- M- I S  
S I I V- I  CTX-M - I S  
P l asmid Med iated Quinolone 
A mrC �-
Resistance 
qnrA , 
lactamases aac-6 '-/b-hlclPLR qepA qnrB, 
qnrS 
cr 
N O  N O  N O  qnrB Pos 
N O  N O  N O  ({nrB Pos 
N O  N O  N O  C{nrB Pos 
N O  N O  N O  qnrB Pos 
N O  N O  N O  qnrB Pos 
N O  N O  N O  qnrB Pos 
N O  N O  N O  N O  Pos 
----
1 6S 
methyllrans ferases 
annA, rill/A , rlll/B, 
rmlC, rmlD 
([tll1A 
annA 
annA 
([tll1A 
N O  
annA 
rill Ie 
Genes underl i ned were co-trans ferred when the blaNDM-carry i ng plasmids mobi l i zed by conj ugat ion or transformation i nto J53 RI\7. 
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B) equ ncing the ampl i con f the DM and OXA PCRs. it ha been proven 
that al l  i olates carried the bla D\1 . 1  al le le.  but OX al leles \",ere d ifferent : OXA- 1 62 
1 11 BC I 06. OXA- 1 8 1  in OMABC 1 09. OXA-48 in ABC 1 3 7 and A54. and OXA-
2"2  in  BC 1 20. BC 1 2 7 and BC 1 28 .  
5 . 2 . 7  A n a ly i of the Region F lanking blaOXA.-48.like and bla-';D'I . I  G en es 
I n  K. pJ7eul11oniae ABC 1 3 7 blaoXA-48was located in  a Tn 1 999 transposon, in 
BC 1 06 the OXA- 1 62 variant \\'a found within a Tn1 999. 2 transposon. while SA54 
harbored the blao. ·  \.48 within a new variant of the Tn 1 999. s imi lar to Tn 1 999. 2  
\vhere an addit ional copy o f  l S i  R was inserted into the lysR gene. The 
chromosomal ly  located blaOXA. I S I  of OMABC 1 09 harbored the I SEcpi upstream of 
the carbapenemase gene. s imi larly to the blaoxA.?32 in ABC 1 20. ABC 1 27 and 
ABC 1 28.  although the I S Ecpi in the latter i so lates was truncated ( Figure 1 8 ) .  The 
complete sequence of the pABC 1 20-0XA plasmid harboring the blaoxA.232 was also 
determined. and found to be almost ident ical to the 6 1 4 1  bp sized plasmid from E. 
coli ( JX423 83 1 ) possessing also blaoxA.232 The single base difference found 
compared to JX42383 1 (A4286 to C )  was within a non-coding region. 
The genet ic  surrounding of the bla D 1 . 1  gene in the seven isolates i s  shown in 
Figure 1 9 . The region downstream of the gene was identical in  a l l  i solates. with the 
bleomycin  resistance gene located in the immediate downstream region of bla DM· I · 
Interestingly. although 5 i solates carried bla DM. I on IncH l l  b plasmids, the region 
upstream of blaND\1. 1  in the c lonal ly  related ABC I 20. ABC l 27 and ABC l 28 
contained and I Ec33 element. whereas OMABC I 09 and ABC I 06 possessed an 
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I 3000 el ment. The I Aba } 25 upstream of the blat--,DM- I was d isrupted b the rmlC 
gene m 54 and by I 5 in BC l 3 7 .  
Figure 1 8 : Genetic context o f  the h!Clo,\II-4R-I ih.c genes i n  the double carbapenemase prod ucer c l i n ical isolates 
Tn 1999 
ABC137 
I S 1 999 blaOXA_48 IysR I S 1 999 
Tn 1999.2 
ABCI06 
� IS 1 999 insA insB J blaoXA- 1 62 IysR IS 1 999 
y 
I S 1 R 
Tn 1999. variant 
SA54 
��� fWt'"ff£It%WW� �XXXX><l;';'" 
�IS1 999 insA insB blaoXA-48 .t1lysR insB insA IS 1 999 
J \ Y Y I S 1 R IS 1 R  
OMABCI09 
111111111111111111111111111 
I S Eep 1 blaOXA-1 81 .t1/ysR 
t\. 
ABC120, ABC127, ABC128 
�ISEcp 1 blaOXA-232 .t1lysR 
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F i gure 1 9 : Genet ic  context o r  the b/ONDM- I genes i n  the double carbapenemase producer c l i n ica l  i so lates 
r 
nlrllliillllll"llllllll� . 1  P'l' ABC137 
v 
T ISAim 1 25 
I SS 1 75 bp blaN DM_ 1 B R P  t1 t rpF 
p 
�.--r -..--.-, --r-r-.--� J � 
ABCI06 
v '\' ISAbn 1 25 blaNDM-l B R P  t1 l rpF 1 53000 254 lop 
r 
b. . ' " � SA54 
po' 
3' ISAbn 1 25 rlll tC  97 bp blaNDM_1 BRP t1trpF 
OMABCI09 
v 3' ISAI1n l 25 
1 53000 25-1 bp blaNDM-l BR P t1 t rpF 
r - �I � 
ABC120, ABC127, ABC128 
T C"  T" _ "' ..,  'j 1::'/ItJIlJL:J blaNDM_ 1  B R P  ,1 t rpF ] 0 1  bp 
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OM BC 1 09.  an T I l K. pneumoniae and BC l 06. an T307 K. 
pneumoniC/e. i .e .  c lonal l, unrelated trains can-ied the bla 0 1. l on IncH l l  b of simi lar 
ize. and the immediat upstream region of the gene was also identical in both. we 
anal) zed the imi larit of these pia mids by RFLP ( Figure 20) . The restriction 
pattem of the two pIa mid v;ere not identicaL but to a great extent s imi lar. 
Figure 20: Plasmid RFLP of pABC l 06- DM and pOMABC I 09-NDM 
- :t l: - - -E E <tl <tl � E E <tl en � Q) en en � � Q) E en en CI) CI) E ro - ro -.... - 2 2 2 2 2 2 - ....... ro ""Q - ro -(.) c:: 0 0 0 0 0 0 'b (.) c ' - c:: c 0 l: z z z z z z ' - 0 I I I I I I l: (.) CD (J) CD (J) CD (J) (.) ro 0 0 0 0 0 0 ro '0 'r" ...- ...- 'r" '0 ..0 U U U U ..0 
E en en en en E ro ro ......J ......J 
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5.3 E ffect o f  a n  A n t i m icrobia l  Peptide ( A M P ) Ana logue on Carbapenem 
Re i tant Ellterobacteriaceae 
Hymenochirin- I B  analog [E6k. D9k J .  wa elected based on i ts relatively low 
hemolytic activ i t) , and inc rea ed potency compared to the native pept ide 
hymenochirin- I B  (Table 24) .  The ant imicrobial act iv i ty of the AMP analogue was 
mea ured against c l inical isolate of DM- l carbapenemase-producing 
Enferobacfe";aceae (Table 25 ) .  
Table 24 :  l in imum inhibitory concentrations of hymenochirin- I B  and i t s  analogue 
again  t E. coli and K. pneul710niae reference strains and cytotoxic it ies against red 
blood cel l s  
S t ra i n  
H y ruenoc h i r i n - l B 
I E6k,D9k) 
E. coli 
ATCC25726 
25 
3 . 1 
M I C ( )1 M )  
K. pl1eul11oJliae 
ATCC700603 
25 
3 . 1  
LCso R BC ( )1 M )  
2 1 3 :l: 1 8  
302 ± 2 1  
[E6k. D9k] hymenochirin- I B  exhibited potent growth-inhibitory act iv ity 
against d i fferent species of DM- l carbapenemase-producing Enterobacteriaceae 
(E. coli, K. pnewl1oniae. E. cloacae and C. freundii) with MIC ranging between 3 . 1 -
6 .25 )lM.  Interest ingly, i t  was effective against a col i st in resi stant i solate (ABC 1 1 0 ) .  
as wel l .  
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Table 2 1 inimum inhibitory concentrat ion of [E6k.D9k ] h menochi rin- l B 
S t r a i n  Species Spec i m e n  A n t i biotic sen s i t i v i ty M I C ( 11 M )  
Am ikac in. minocycl ine. 
BC40 E. cloacae Wound trimethopri m/sul famethoxasol ,  6 .25 
col ist in 
A BC5::! 
Tracheal 
Tetracycl ine, m inocyc l ine, col ist in 1\. pneul110niae 
a pirate 6 .25 
ABC53 Tracheal Tetracycl ine. m inocyc l ine. col ist in K pnellll10niae 
aspirate 6 .25 
Ciprotloxac in.  am ikacin .  
ABC54 E. coli Urine gentam icin.  m inocycl ine. 3 . 1 
ch loramphenicol. col ist in 
Am ikacin,  gentam icin.  m inoc, c l ine, 
BC80 C. freul1dii Urine tetracycl i ne, chloramphen icol ,  6 .25 
col ist in 
ABC83 f\. pnelll110niae Nasal screen Col ist in 3 . 1  
E. coli 
Tracheal M inocyc l i ne, ch loramphenicol,  
6.25 ABC8: 
aspirate col ist in 
Tracheal 
Ch loramphen icol 6.25 ABCl l O  K. pneulJlol1iae 
aspirate 
5.4 Fo fo mycin u ceptihi l ity Te t ing of E. coli 
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Of the 46 carbapenem non- usceptible E. coli isolates tested 34 were 
carbapenema e producer and 1 2  did not produced carbapenemase. The 
carbapenema e pr ducer isolates carried ingle carbapenemase genes: 1 9  of them 
bla 0\1- 1 4  of them blaoxA--'t8-I t�e and one blavIM-4. Molecular typing by PFGE of 
these i solates revealed l i tt le c lustering, only :  the 43 typable strains exhibited 33 PF 
pattern ,,-ith one 3-membered c luster. 8 pairs and 24 singletons ( Figure 2 1 ) . 
F igure 2 1 :  Comparison of PFGE patterns of carbapenem non-susceptible E. coli 
i so lates 
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The 24 carbapenem and 3 rd generat ion cephalo porin suscept ibJe E. coli. 
te ted as com pari on, wa al 0 typed by PFGE. The e strains exhibited 1 9  distinct 
pattems \vith S pair and 1 4  singletons ( Figure 22) .  
Figure 22 :  Compari on of PFGE patterns of suscept ible E. coli isolates 
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All  tested E. coli i so lates were suscept ible to fosfom cin (Table 26 and 27) .  
The MICSO and M IC90 the carbapenem non-susceptible E. coli isolates were 
O .Smg/L and 2mg/L respectively. Interestingly however. the non-carbapenemase 
producer carbapenem non-susceptible i so lates ( n= 1 2 )  had in general higher MIC to 
fosfomycin than the carbapenemase producer ones, with M IC90 of 4mg/L in the 
pre ious group compared to the MIC90 of 1 mg/L in the latter group, respectively. 
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Table 26: Fosfomycin su ceptibi l ity of carbapenem non-su ceptible E. coli i solates 
t ra i n  pec i m e n  Ca rbapenema e P FG E  Fo fo mycin 
pattern M J C ( mg/L)  
A BC2 1 �  A putUI11 OM 20 0.5 
A BC222 Urine NOM 1 0 .5 
A BC2S8 
perianal 
NOM 1 5  0 .5  ab cess swab 
A BCS� Urine OM 7 0 .5  
A BC8S putUI11 OM NT 0 .5  
KW I 2  urine DM 2 0.5 
KW60 urine N OM 1 7  0.5 
OM3 Wound NOM 5 0.5 
O M 59 Urine NDM 6 0.5 
O M 66 putUI11 OM 3 1  I 
SA26 B lood NOM 8 I 
A BC233 rine DM 24 0.5 
A BC268 Urine DM " 0.5 .) 
A BC280 Urine OM 4 0.5 
A BC286 catheter tip N OM 4 0.5 
A BC2 I 8  Wound NOM 25 <0.25 
A BC 1 33 E T P  Sputum N D M  1 9  0.5 
O M 26 
Endotracheal DM 22 0.5 secret ion 
KWS3T urUle OM " J .) 
K W36 C F OXA-48- l ike 28 0.5 
O M 35 Wound OXA-48- l ike 29 0.5 
O M 46 putum OXA-48- l ike 29 0.5 
SA27 Blood OXA-48- l ike 1 3  0.5 
A BC56 B lood OXA-48- l ike 1 6  J 
A BC I I S  Sputum OXA-48- l ike 9 0.5 
A BC I 72 rectal swab OXA--l8- l ike 28 0.5 
A BC l 76 urine cul ture OXA-48-l ike 27 0.5 
A BC 1 8 I  Unknown OX A-48- l ike T 0.5 
A BC239 Urine OXA-48- l ike J 8 0.5 
A BC264 Unknown OXA-48- l ike J 8 0.5 
T PC67 Blood OXA-48- l ike 1 0  0.5 
A BC I 1 3  B lood OXA-48- l ike 9 I 
A BC l 77 perianal swab OXA-48- l ike 28 1 6  
KW7 urine V I M-4 23 0.5 
A BC 1 1 2  Unknown none I I  0.5 
KW22 urine none 7 0.5 
KW44 urine none 33 0.5 
A BC l 49 Blood none 1 2  
A BC87 Unknown none 1 4  
S A2SIl Blood none 2 1  
A BC 1 42 perianal swab none 26 2 
OM22 infec.cont.scr none 32 2 
OM30 in  fec .  cont. scr none 30 2 
A BC I 48 B lood none 32 4 
A BC 1 63 E T P  Urine none T 4 
A BC2 1 6A Stool none 20 4 
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The 24 carbapenem and yd g nerat ion cephalo porin susceptible E. coli ",'ere 
al 0 a l l  u ceptible to  fo fomycin with an MI  50  of 0 . 5mg/L and MIC90 of 1 mg/L, 
re pe t iveJ) (Table 27 ) .  
Table 27 :  Fo fomycin susceptibi l i ty of susceptible E. coli i solates 
t ra i n  pec i m e n  E S B L  P FG E Fo fomycin 
pattern M t C ( mg/L )  
TPC I Blood neg I <0.25 
T PC l 2 t  Blood neg I I  <0.25 
T PC l 28 Blood neg 8 <0.25 
T PC l 4  Blood neg 1 0  <0.25 
T PC I H Blood neg 4 0.5 
TPC 1 32 Blood neg 5 0.5 
T PC 1 59 Blood neg 8 0.5 
TPC 1 74 Blood neg 7 0.5 
T PC l 75 Blood neg 3 0.5 
T PC l 79 Blood neg 2 0.5 
T PC l 80 B lood neg 7 0.5 
T PC35 B lood neg 1 6  0.5 
T PC36 Blood neg 1 6  0.5 
T PC39 B lood neg 1 3  0.5 
T PC45 Blood neg 4 0.5 
T PC75 Blood neg 1 9  0.5 
T PC79 Blood neg 1 5  0 .5  
T PC8 1 B lood neg 1 7  0.5 
T PC83 B lood neg 9 0.5 
T PC94 Blood neg 1 8  0.5 
T PC98 B lood neg 1 4  0.5 
T PC ] 66 Blood neg 6 1 
T PC73 B lood neg 1 2  
TPC 1 39 Blood neg I S  2 
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Chapter 6: Discussion 
Ie\\ -Delhi meta l lo-beta- lactamase D M )  producer bacteria have emerged 
r centl )' .  The earl ie t known DM-producer, an E. coli as isolated in New-Delhi in 
2006 ( astanhei ra et a 1 . .  20 1 1 ) . The K. pnelll110niae and E. coli isolates, from which 
thi new carbapenemas wa first characterized, were also epidemiological ly l inked 
to the same city in I ndia ( Yong et aL 2009) .  ubsequent ly, NDM-producer bacteria 
pre ad with an almo t unprecedented speed accross the Globe. by 20 1 1  reaching al l 
continent (Jolmson & Woodford. 20 1 3 ) .  Many of the report on isolation of DM­
producer i o lates documented epidemiological l ink to the Indian ubcontinent 
( reyie\\'ed in (John on & Woodford, 20 1 3 » . However, it was also indicated that the 
Balkan region in Europe and the Middle East and orth Africa may also erve as 
re er\'oir. or secondary reservoir for these strains (Jolmson & Woodford. 20 1 3 ; 
ordmann & Poire l .  _0 1 4) .  The Arabian Peninsula was not spared from this wa e of 
emerging DM-producers : the first reports from Oman ( DOl1:et et aI . ,  20 ] 2; Poirel et 
a 1 . .  20 1 1 a) were soon fol lowed by reports from Kuwait ( Jamal et aL 20 1 2 ) and b 
our publ ication from the UAE ( Sonnevend et a I . ,  20 1 3 ) .  In  the years fol lowing, the 
emergence was al 0 reported from Saudi Arabia (AI-Agamy et a I . ,  20 1 3 : Shibl et a I . ,  
20 1 3 ; Yezl i  e t  a I . ,  20 ] 4: Yez l i  e t  a I . ,  20 1 5 ; Zowawi et a J . .  20 1 4 ), and Qatar (Zowa\ i 
et aL 20 1 4) .  Those of these publ ication. which reported on the genet ic context of the 
bla '0\1 . 1  gene, a l l  found that it was on located on sel f-conjugative plasmids ranging 
benveen 50-200 kb in s ize belonging to various incompatibi l ity groups : IncUM, 
IncH l 1 b. IncF I l s, IncF or being untypeable ( Dortet et a1 . .  20 ] 2 ; Jamal et aI . ,  20 1 2 ; 
Poirel et a1 . ,  20 1 1 a) .  The species of enterobacterial isolates canying the gene were 
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Kleb. iella pnellJJ1oniae, Enferoba fer pp. and E cherichia coli (AI -Agamy et a 1 . .  
20 1 " :  Jamal et  a l . ,  _0 1 3 ; Memi h et  a l . .  20 1 5 : Zowawi et  a l . .  20 1 4 ) .  
Our finding from the 2009-20 1 1  period in the UAE part ly matched the 
ob ervation in other countrie of the Peninsula. However, it was remarkable that 
only 2 of the seven patients had tra el h istory outside of the UAE. and only one of 
them was knov,,11 to had travel led to the Indian ubcontinent ( Table 1 5 ) .  C l inical data 
ould demon trate local nosocomial transmission of ABC52 K pneul710niae 
belonging to ST l 1 from thi latter patient. which led to fatal case of venti l l ator 
as ociated pneumonia in a evere ly  irnmunocompromised man . ST l l sequence type 
of K. pJ1eul71oniae is a c lone wel l  known \vorldwide to calT a broad variety of beta­
lactan1ase gene , including the ESBL type CTX-M- 1 5  ( Damjanova et a1 . .  2008; Lee 
et a1 . .  20 1 1 )  and various carbapenemases : OXA-48 ( Voulgari et a1 . ,  20 1 2 ) ,  KPC 
( Pereira et a1 . .  20 1 2 ) .  DM (Giske e t  a 1 . .  20 1 2 : et ikul et a 1 . .  20 1 4; Samuelsen et a1 . .  
20 1 1 :  Wi l l iamson e t  a 1 . .  20 1 2 )  and V IM ( Oteo e t  a 1 . .  20 1 3) .  Furthermore. i t  has also 
been reported to cause hospital outbreaks ( Dan1janova et a l . ,  2008; Oteo et a 1 . .  20 1 3 ; 
Voulgari et a 1 . .  20 1 2) .  So, its local isolation from two intelTelated cases further 
highl ights its importance as a potential nosocomial pathogen. 
The K. pneumoniae (ABC83)  i solated from the pat ient who i sited I raq 
before his  treatment in the UAE did not exhibit any features simi lar to the N DM - 1  
producer K. pneumoniae ( ST 1 47 )  repo11ed earl ier from Iraq ( Poirel et al . ,  20 1 1 c) .  
ABC83 belonged to  ST 1 4. it  calTied the bla DM- I on  an IncH I l b p lasmid also 
harboring blaCTX-M- l S, armA and qnrB . The incompatibi l ity type of the NDM­
plasmid and the upstream region of th is  strain were identical to  the DM plasmid of 
1 1 1  
K. p17c1I171onioe Pitt D 10 1 .  a train r portedly imported from India to the USA (Doi 
et a1 . ,  20 1 4 ). although that pIa mid canied arm and qnrB in addition to the blaND\l­
I . and lacked the blaCTX-,\l- I S .  
The other four i olates : Enferobacter cloacae ABC40, Escherichia coli 
BC54 and ABC85 and Cifrobacfer jreul1di ABC80 were recovered from patients 
who did not travel prior to hospital ization in the UAE. 
Among these, E. coli ABC85,  an ST25 1 3  i solate from tracheal aspirate of an 
Omani nationaL harboured the bla D\'1 - 1  on an Inc C type plasmid also canying 
blaCTX-\1- 1 5 .  1 6  RNA methylase rmfC and AmpC beta-lactamases blaDHA- 1 and 
blac\lY-'2 . To the best of our knmvledge this combination of antibiot ic resistance 
gene has not been described in an IncNC plasmid, yet. Fm1hermore. although. this 
i s  not the first description of IS903 di  rupt ing I SAb 1 25 upstream of bla DM- J  in 
lncNC type plasmids ( Sekizuka et a1 . .  20 1 1 ) . interest ingl . in ABC85 it was present 
i n  an opposite orientation ( Figure 1 1 )  than in other i solates ( Sekizuka et a1 . ,  20 1 1 ) .  
These findings further exempl ify the extent of variabi l ity o f  plasmids canying this 
carbapenemase gene. 
The most important finding of thi s part of our studies was that three isolates 
of d ifferent species canied identical, or very s imi lar. 50 kb IncX3 plasmids co­
harboring bla DM- I and bla HV- 1 2  with an IS5 element upstream of the bla D 1 - 1  
Plasm ids of this incompatibi l ity group have been shown to carry antibiotic resistance 
genes ( Garcia-Fernandez et aL 20 1 2 ; Johnson et a l . ,  20 1 2 ) .  and also was described 
recent ly  to carry KPC-2 ( Ho et a l . ,  20 1 3 ; Kassis-Chi khani et a I . ,  20 1 3 ; SOlme end et 
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a l . .  20 1 5 )  and DM- l carbapenema e ( Ho et aL 20 1 2 ) .  This latter repOli from 
Hong Kong (Ho  et aL �O 1 2 ) described even En/erobac/er;aceae isolates with 
epidemi logical l ink to Hunan. Haifeng. Dongguan and Guangzhou province of 
mainland China carrying the same. approximately 50kb IncX3 type plasmids 
containing a structure identical to the DM-flanking regions found in the plasmids 
of our three i solates ( Figure 1 1 ) . More recently. several other reports on bla DM. 1 . 
bla"D\1-5. and bloND\I.7 carrying IncX3 plasmids in E. co!; or K. jJneumom'ae w'ere 
publ i  hed from hanghai and Chengdu in China. Chennai in India and Germany 
( Gott ig et aL 20 1 3 : Krishnaraj u et aL 20 1 5 �  Qu et a l . .  20 1 5 � Yang et a I . ,  20 1 4) .  The 
fact that the Middle Ea t is also a region where bla DM. j -carrying conjugat ive IncX3 
pIa mids of very s imi lar structure have been detected in mUltiple species strongly 
uppOlis that the e plasmids may p lay a unique role in the inter-generic spread of the 
D 1 gene. Furthermore. it i s  noteworihy that one of our isolates (ABC40) were 
recovered in August 2009. i .e .  two ears earl ier than the strains in Hong Kong ( Ho et 
a l . .  20 1 2) .  
The second part of our studies concentrated on the double carbapenemase 
producers found in higher propOliion in the UAE than in the neighbouring Oman or 
audi Arabia.  Comparison of the strains revealed a small c luster from the UAE. 
suggestive of c lonal spread. These NDM- 1 and OXA-232 co-producer strains 
(ABC 1 20, ABC 1 27 and ABC 1 28 )  exhibiting identical PFGE pattern belonged to the 
sequence type ST 1 4 . To the best of our knowledge. this i s  the first observation of 
OXA-232 producer bacteria from the Arabian Peninsula. The ST 1 4  sequence type of 
K pneumoniae was reported earl ier to carry blaNDM. j uch strains were a lso i solated 
from Chennai . I nd ia, the United Kingdom and Sweden (Giske et aL 20 1 2 ) .  Recently. 
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a report on the \\ hole-genom of an D - 1  and O XA-_32 co-producing K. 
pl7eul11oniae ( Pitt DMO 1 )  i solated in  P ittsburgh, A \ as publ i shed ( Doi et a l . .  
_ 0 1 4) .  117 ilico analy i s  of th i  genome placed th is  strain into ST 1 4, too . Further 
imi larities betwe n Pitt DMO ] and our i olates could be observed: the 6 ] 4 1  bp 
ColE-typ pIa mid pPKP 4 carrying blaOXA-232 wa identical to pABC 1 20-0XA 
with the exception of a ingle non-coding nucleotide, and PittN DMO l carried the 
bla D\1 - 1  on an I nc H I  1 b plasmid with region upstream of thi s carbapenemase 
ident ical to the i solates from the UAK and simi larly to ABC 1 20, ABC 1 27 and 
ABC 1 28 i o lates, this plasmid also harboured annA , and qnrBI genes. ESBL 
producer trains of this part icular c lone of  K. pneul110niae were shown to cause 
outbreaks in d ifferent geographical locations (Arena et a l . .  20 1 3 :. Mshana et a l . .  
20 1 3 ), so  in  l ight of these facts. strict infection control measures. including 
ur\'ei l lance and monitoring the spread of these strains, are wan·anted. 
The further two double carbapenemase producer isolates from the UAE 
(ABC 1 06 and ABC 1 3 7) ,  and those from Oman (OMABC 1 09)  or Saudi Arabia 
( A54) v,ere d iverse. They belonged to d ifferent sequence types (Table 2 1 ), 
produced d ifferent OXA-48- l ike enzymes. or the transposon containing the blaOXA-.:.g 
was d ifferent (F igure 1 8 ).  even i f  the plasmid carrying them belonged to the same 
LIM-OXA incompatibi l ity type, known worldwide as a vehicle of OXA-48-type 
carbapenemases ( Poirel et a I . ,  20 1 2a) .  
I t  i s  noteworthy, though, that only one ( pABC 1 06-0XA) of the I ncLIM-OXA 
type p lasmids was transferable in our col lection, contrary to the experience 
el sewhere ( Potron et a I . ,  20 1 4) .  This  plasmid carried blaoxA- 1 62 as part of a Tn 1 999. 2 
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tran pO on. Like 0 A-232. 0 - 1 62 \vas not described yet from the rabian 
Penin ula: so far it wa reported from Turkey ( Kasap et a l . ,  20 1 3 ) .  Germany (Pfeifer 
et a l . .  20 1 2 ) and Hungar) ( Jan ari et al . , 20 1 4 ) .  only. blaOXA-.+8 in AS4 was located 
n a non-conjugative IncLiM-OXA type plasmid. but its location within a new 
variant of Tn] 999 ( Figure 1 8 ) contain ing two copies of I S ]  R may promote the 
tran fer of the blaoXA-48 from thi strain ( Beyrouth et al . .  20 1 4 ) .  
On the other hand. DM-plasmids in the double carbapenemase col lection 
were all conjugative. either alone or with the co-transfer of a small cryptic plasmid in 
ca e of ABC I 3 7. Co-tran fer of a simi lar sized plasmid was experienced earl ier 
\\ hen conj ugating I ncX3 DM-plasmids of ABC40 and ABC80. The genet ic context 
of DM in the double carbapenemase producer strain (ABC l 3 7 )  was also identical 
to the previously encountered lncX3- DM -plasmids of other pecies of 
Enterobacteriaceae ( Figure 1 1  and 1 9  in results) .  further emphasizing the role  this 
plasmid may play in the spread of blaNOM in the UAE. We had another finding 
highl ighting the role of plasmids in  the spread of blaNoM : two c lonal ly  distinct K 
pneu7110niae ( ST307 ABC I 06 of the UAE and ST l l OMABC 1 09 of Oman),  
possessed this carbapenemase genes on almost identical IncHI l b p lasmids ( Figure 
20)  with identical genetic surrounding of the gene ( Figure 1 9 ) .  The genetic 
surrounding of bla 0 1. ] and the p lasmids themsel es are s imi lar of the epi some 
described in an ST 1 S  K pneumoniae i so lated in Morocco (PN DM-MAR) (Vi l l a  et 
al . .  20 1 2) .  but addi tional l y  to the resistant determinants detected in p DM-MAR 
( bla, ... o\1. ] .  blaCTx.M. ] 5  and qnrBl), the DM-plasmids of ABC I 06 and OMABC I 09 
harbored the 1 6S RNA methylase gene armA , as wel l  (Table 23 ) .  Interestingly, the 
DM plasmid of the AS4 strain from Saudi Arabia was not s imi lar to any of the 
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plasmid encountered in the r gion ( Dortet et aI . .  20 1 2 : Jamal e t  a I . .  20 1 2 ; Poirel et 
a I . .  20 1 1 a: Poi reI et aI . .  20 I I  c; OImevend et a I . .  20 1 3 ), but shared the 
incompat ibi l ity type. ize and bla DM- I  genet ic  urrounding of Inc F I I -F I B  DM­
pia mid : pRJF866 of K pnell1170niae i solated in Shanghai. China (Qu et a1 . .  20 1 5 ) 
and pKOX_ DM I of K. oxytoca E7 1 8  from Taiwan (Huang et a i . .  20 1 3 ) .  
One may only speculate on the advantage for a bacterium to  possess more 
than one carbapenemase enzyme; a possible hypothesis is that the s l ightly d ifferent 
ubstrate profile and efficac of the d ifferent enzymes give a competi tive edge to the 
strain having such features_ Testing of this hypothesis was beyond the scope of our 
current project .  everthele s. reports on double carbapenema e producer K. 
pneumoniae are emerging: beyond earl ier observation of V I M - 1 9  and KPC-2 co­
producer strain from Greece ( Pournara et a ! . .  20 1 0 ) .  recent sporadic  i solates of 
NDM- l and OXA-232 producer K. pneumoniae in the USA ( Doi  et aI . .  20 1 4) ,  DM-
1 and OXA- 1 8 1  producer K. pneumoniae in Oman ( Dortet et aI . .  20 1 2 ), and NDM- l 
or DM-5 and OXA- 1 8 1  co-producer i so lates in  S ingapore ( Balm et a1 . .  20 1 3 ), i t  
was observed in  a c lone of K. pneumoniae harboring NDM- l and OXA-48 reported 
from Saudi Arabia (Zowawi et a ! . .  20 1 4) .  UnfOliunately this latter publ ication did not 
report on the sequence type of the i solate, neither on genetic context of the bla DM- I  
making the  compari son between the SA54 K. pneumoniae and members of the c lone 
impossible. 
The phenotypic detection of carbapenemase producer Enterobacteriaceae i s  a 
chal lenging i ssue in c l inical microbiology unti l  now. Several tests were proposed: 
modified Hodge test ( M HT)  (CLSL 20 1 0),  modi fied Hodge test with addit ion of zinc 
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ulphate in th media (G irl ich et aL 20 1 2 ), meropenem disc-inhibit ior combination 
te t (T akri et aL 20 1 0) ,  chromogenic te ts: Carba- P ( Dortet et a l . .  20 1 4a) and 
BIu -Carba ( Pasteran et a l . .  20 1 5 ) .  matrix-a si ted l aser desorpt ion ionization-time of 
fl ight ma pectrometry ( MALDI-TOF) meropenem hydrol  sis assay (Hr abak et a l . .  
20 1 3 ). and recent ly  the Carbapenem Inactivation Method ( C I M )  (van der  Zwaluw et 
a l . .  20 1 5 ) .  Of the e. \\'e used the MHT. meropenem disc-inhibit ior combination test 
and the Carba- P test. S ince a l l  our strains tested in this stud were NDM-producer. 
the EDTA inhibit ion assay was posit ive i th a l l .  The OXA-48-type and NDM 
double producer ones were a lso al l  posit ive with the MHT. Carba- P test, however, 
gave ambiguous re ult with many isolates, and in two cases the protein extraction 
u ing the commercia l  reagent fai led. Although this obser ation wa on a smal l  pool 
of strain only, and our study d id not have the intention to fom1al ly val idate the 
phenotypic tests. it is an addit ional information to the recent debate on the sensit ivity 
of the Carba- P test ( Tijet et aL 20 1 4 ) .  
Antimicrobial  peptides, e lements of the innate immune system of higher 
organisms, are potential candidates for use as antibacterial agents .  However, many of 
them are associated with high hemolytic act ivi ty ,  prohibiting thei r  c l inical use. The 
natural ly occurring hymenochirin- l B was i solated from the Congo clawed frog 
Hymenochirus boettgeri. [E6k,D9k]hymenochirin- l B  is an analogue of it, \' ith D­
lysine substitution of the glutamic ac id at position 6 and asparagine at posit ion 9. The 
analogue. l ike the natural peptide. is an amphypathic alpha-hel ical molecule. 
however its cationic i ty increased compared to the natura l ly  occuring one. Despite the 
increased cationici ty i t  was shown to have lower hemolyt ic  act ivi ty on human red 
blood cel l s  and increased efficacy against bacteria than the natural peptide. This 
prompted us to te t it in 1'itro acti i ty on 
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DM-produc ing MDR 
Enterobacteriaceae . The p ptide analogue was as active against the DM producer 
i olate a against the reference ATCC25726 E. coli. Interestingly, its activity against 
the p lypept ide ant ibiotic , i .e .  col i  t in, resi stant K. pneul710niae isolate wa not 
dec rea ed either. The l imitation of our study is though, that this result wa not 
confirmed on mUltiple i solates with various known mechani sms of col i st in 
resi stance. A l  0, although. the in ritro testing is  promising, several challenging issues 
hould be addres ed before consideration of an AMP as a therapeutic agent. The 
main i ssue among them is to overcome the proteolyt ic  degradat ion of such AMPs 
when administered in riro (Conlon & Sonne end, 20 1 1 ) . 
Very fe\v antibiotic currently avai lable on the market remain  a treatment 
option against carbapenem resistant Enterobacteriaceae . This  short l i st of possible 
antibiot ics inc ludes col ist in.  t igecycl ine. amikacin and fosfomyc in .  Of these drugs 
col i st in and amikac in  have a narrow therapeut ic  range due to thei r  tox ic ity. and 
t igecycl ine is a bacteriostatic antibiotic ,  with l im ited half- l i fe in blood, only. ( Lee & 
Doi. 20 1 4) .  S ince the majority of fosfomycin  resistance observed c l in ical ly i s  due to 
plasmid-borne fosfomyc in  i nactivating resi stance genesJosA or Jose ( Li et aI . ,  20 1 4 ; 
akamura et aL 20 1 4 )  and these genes were found to be co-local i sed on 
carbapenemase gene carrier plasm ids, it is important to assess the resistance rate of 
eRE to fosfomycin .  In the UAE the fosfomycin  res istance i s  not tested in the routine 
microbiology laboratories, so we tested a col lection of carbapenem resistant E. coli 
and compared it to randomly  selected antibiotic susceptible strains of the same 
species. We had chosen E. coli, since this species is more l ikely to be found in the 
community, occupyi ng the intest inal niche, which may fac i l i tate the spread of 
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re i tance c lones or re i tance pIa mid . Both the carbapenem resistant and 
u ceptible E. coli were diver e, c lonal ity was not establ i shed by the PFGE typing, 
o our re ults were not biased by testing- one or few clones of E. coli. The agar 
d i lution results did not ident ify any fosfomycin  resistant i solate in our col lections, 
and the UCSO and M IC90 of the carbapenemase producer and susceptible i solates 
w re in the same range. Although, the higher M I C  observed in the carbapenemase 
non-producer. but carbapenem res istant E. coli may suggest that the avai labi l ity of 
the drug is somewhat l imited in this group. even the highest MIC detected was below 
the ecological cut-off of 8mg/L establ i shed b the wi ld-type strains d istribution 
( \\ \\ \\ .eucast.org). Based on this finding fosfomycin could be safely used in  the UAE 
a a single agent in  acute non-compl icated urinary tract infection, or as part of the 
antibiotic treatment regimen in other infections even i f  the causative agent is a 
carbapenem resistant strain  of E. coli. 
Chapter 7 :  Conclusion 
Th c lonal pread played a l imited role in the emergence of DM 
producer and OM and OXA-48-t pe co-producer Enterobacter;aceae in the 
L although. when ob erved, it  was due to international c lones of multi -drug 
resi tant K. pnelllJ1on;ae T I l or T 1 4. respect ively. 
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l l1ce i olation of DM-producer stra ins was rarel l i nked to foreign 
travel.  our findings strongly support the a sumption that the UAE is  a reservoir of 
ueh organi sms. 
The bla, DM- l gene was found. in al l  isolates examined, on a conjugat i e 
pia mid .  Furthennore. we provided evidence that plasmids of the IncX3 type are 
important vehicles of the inter-species spread of this carbapenemase gene. In  
addition. vve i dent ified h ighly s imi lar IncH I 1 b type DM-plasmids in c lonal ly  
unrelated K. pneumoniae, further emphasizing the role plasmids play in the 
dissemination of bla'mM. l  
Characterization of the double carbapenemase producer isolates revealed 
the presence of blaoXA- 1 62 in one K. pneumoniae, and blaoxA-232 in 3 c lonal ly  
related K. pneumoniae. To the best of our knowledge. th is  i s  the first report of 
these carbapenemases from the Arabian Peni nsula. 
Although, the blaoXA-48-I) pe genes were mostly plasmid located in  the 
double carbapenemase producer isolates, the majority of these plasmids were 
non-conj ugative. everthele s. the blaOXA-48-I� pe carbapenema es \vere al l 
tran po on-borne. giving the po ibil i ty of their horizontal transfer. 
Of the few remammg avai lable antibiotics to treat carbapenem-non­
u ceptible E. coli (CREC ) infections. fosfomycin usceptibi l i ty i s  not tested 
rout inel) in the UAE. Our finding showed that this antibiotic retained its activity 
against C REC i solated in this region. 
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We concluded based on i ts low hemolytic acti i ty and in  vitro efficacy on 
elected DM-producer Enterobacteriaceae. [E6k.D9k] hymenochiri n- 1 B 
ant imicrobial peptide analogue might be a potential antimicrobial drug candidate. 
Chapter 8 :  Recommendations 
H ightened infection control measures including act ive screenmg for 
RE is  needed in a l l  hospital of the UAE. The hospital based preventive 
mea ure hould be upported by the establishment of a national reference 
laboratory able to conduct confinnatory tests. molecular epidemiological 
inve tigation . surve i l l ance and monitoring of the antibiotic resistance situation. 
mce the plasmid mediated spread of carbapenem and other antibiotic 
resi tance genes is fac i l i tated by the selection pres ure of ant ibiotics. reducing the 
ant ibiotics consumption in human medicine. a \vel l  as in  the agriculture. is 
nece sary in  thi s region too. 
I ntroduction of routine fosfomycin susceptibi l i t  testing and the use of 
th is  ant ibiotic should be promoted in the UAE. as fosfomycin may provide an 
alternative treatment option for certain e RE  infect ions. 
Further in vitro and in vim testing of [E6k,D9k ]hymenochirin- l B 
antimicrobial peptide analogue should reveal whether this  compow1d could be a 
suitable al ternative opt ion to treat multidrug resistant bacterial infections. 
1 2 1  
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Appendix 
on-publ i hed equences of DM and OXA-48-t pe carbapenemase co-producer 
Enferobacfer;aceae 
S pJl.BC1 37 - T n  1 9 9  9 4 6 2 6  bp 
1 7 � O� t r a n spo s o n  pa r t i a :  s e q u e n c e . 
S S 1 0N 
I ON 
ORDS 
CE Kl eb s l e 1 1 a  p n e umon l a e 
GAN I S M Kl e b s i e l l a  pneumon i ae 
U n c l a s s i f i e d . 
1 ( ba s e s  1 t o  4 6 2 6 )  
DNA l i n e a r  1 9 - MAR - 2 0 1 5  
S o nnevend , A . M . , AI - B a l o u s h i , A . E . ,  Gha z a w i , A . A . and P a l , T . 
C h a r a c t e r i z a t i on o f  N OM a n d  OXA co -p roduc e r  K l e b s i e l l a  pne umon i a e 
i s o l a t e d  i n  t h e  A r ab i a n  P e n i n s u l a 
Unpubl i s hed 
2 ( ba s e s  1 to 4 6 2 6 )  
S o n n evend , A . M . , A l - B a l o u s h i , A . E . ,  Gha z a w i , A . A . a nd Pa l , T .  
D i r e c t  S u bml s s i on 
S ubmi t t e d  ( 1 9 - MAR- 2 0 1 5 )  M e d i c a l  Mi c r ob i o l og y  a n d  I mmun o l o g y ,  U n i t e d  
A r a b  Emi r a t e s  U n i ve r s i t y ,  Ta wam s t re e t  1 ,  A l  Ai n 1 7 6 6 6 , U n i t e d Arab 
Emi r a t e s  
# #A s s embl y- O a t a - S TART # #  
A s s embl y  M e t h o d  C l one Mana g e r  v . 9 
S e quenc i n g  Tec hno l og y  : :  S a n g e r  di d e o x y  s e quen c i n g  
# #-A s s embl y - Da t a - EN D # # 
Loc a t i o n /  u a l i f i e r s  
s ou r c e  1 . .  4 6 2 6  
/ o r g a n i s m= " Kl eb s i e l l a  pneumon i a e " 
/mol_t yp e = " g e nomi c DNA " 
/ s t r a l n = " ABC I 3 7 "  
/ p l a sml d = " pABC I 3 7 - 0XA " 
/ e o un t r y= " U n i t e d Arab Emi ra t e s "  
g e n e  1 2 2 3  . .  2 0 2 0  
I g e n e = " b l a OXA- 4 8 " 
C DS 1 2 2 3  . .  2 0 2 0  
/ g e r: e= " b l aOXA - 4 8 " 
/ e odon s t a r t = l  
/p roduct = " c a rb a p e n em hydro l y z i n g b e t a - l a e t ama s e "  
I t r a n s l a t i on = " MRVLALS.n.VFLVAS I I GM PAVAKEWQEN KS WNAH FTEHKS GVV 
VLWN ENKQQ G FTNNLKRANQAFLPAS T FK I PN S L IALDLGVVKDE HQVFKWDGQTR 0 1  
ATWNRDH N L I TAMKYSVVPVYQE FARQ I GEARM S KMLHA FDYGNE D I S GNVDS FWLDG 
G I R I SATEQ I S :LRKLYHNKLHVS E RS Q R I V KQAMLTEAN G D Y l l RAKTGYS T R I E P K  
I GWWVGWV E L D DNVW F FAMNMDMPTS DGLGLRQA I TKEVLKQE K I I P "  
g e n e  c omp l em e n t  ( 2 3 2 3  . .  3 2 3 4 ) 
/ ge ne = " l ys R "  
C DS e omp l em e n  ( 2 3 2 3  . .  3 2 3 4 ) 
I g e n e = " l ys R " 
/ e odon s t a r t = l  
I produe t = " t ra n s c r i p t i on a l  r e gu l a t o r "  
I t r a n s l a t i on = " MP D LNGMML FAAVVRAKGFSQAARE T G H P KS T I S RK I AQ L E E QL 
GVRLLQR DTRN L S L T QVGALFYQH CDS 1 RN EVEAAKAV I E S T H DDVS G S LR I A I PVS F 
S Q E L I AN LC S G FMRLY PNVE LDVQ FTDN D I GLVG E GY D I A I KYGPLQSS DLVAR L L FE 
R Q P I LVA S P G YLKARGT PATPKEL S D H S G I LLGTSRSAP I W PLGKGARKTMV 1 FQRKV 
RVNS P I MVKQLAL D D F G I AMLSNSACKTE LANGQLV P I LQEW P I E P FKVYGVY S S RRQ 
LATN I SA F L D F FV KR F S S QE SLQS LMG " 
COUNT 1 2 2 8  a 1 0 4 0  c 1 1 1 4  9 1 2 4 4  t 
N 
1 a gc g a a t cg t  t ga g a g t a e c  g t. t e g a t ge c  c a a t g g t a t t  ggc c t g a a a a  t gc t t a t cc c  
6 1  a gc c c t gt t g  c t gt gc g t g t  a a a e e a a c t a  g e e a c a a c a g  g c a t t g a a c c  a t c a a c g c t a  
1 2 1  t c a g  a g g a t  g a t gt e g a a t  c g e t e t g g a e  t gt t g g t a c g  a c t t t g g c g t  a a g c c a a a g e  
1 8 1  c g t a t gccgg g c t t t t ga g g  t e ac g a a agg t t t c c t c t a t  t t g c a t a c g t  t t g g e g t a e a  
2 4 1  g g t t t a c c a g  c t gc t t t gg g  c t c e g a g a t t  c t g g t g g t a a  a t t g c t gg c t  a a e a e c c a a g  
3 0 l  g c t c t t t e g c  e g a t g t t g a g  t a cg t t t t t g c c g a t g g a t g  g t ggea a t t a  g t c e t c g t t g  
3 6 1  a a c g c t ga � t  t g t a c g c c e c  t t a g g t t t gc t ac g a t a a ag c g t g a g a t g g c a a t t g a t a g  
4 2 1  g g t t a g t t t t  g g t c a a a g t c  t t. a c aa c c c a  g g c t c t t c g c  t t g a c c g t t g  gcca a g t ca t  
4 8 1  g t g t a c t t c g a a c t g c a c g c  c a a t t t t c a g  cgccaa t a t c  t g caa a t t g a a c t g t a c c g c  
5 4 1  g a a t acggc::. t a gcc a a a a c  c a ac c a t gcg c c t c a a c c t c  t t t g t a c c a a  ggca c t t t g a 
6 0 1  a cc c c g c g t c  a g t e a e g a t g  a g a gg g g t aa e a t g c a a a g g  t a a a a t e t t g  g e t a a g t eeg 
6 6 1  e t a a a a a a e e  g t t gt g g g a g  g ee t t a g age a t t g t t e t g a  t a gggg a t a g  g a e t t et e a t  
7 2 1  a e a g g g t a a t  a g a g e g g e e a  t t g a a g g c t a  t t g a g g e g e g  e a g a geea t g  a t g e g t t t a t  
7 8 1  g e t e t egga t g t e t g a e c a a  t cg a c g a g ca e a a t cgge a t  a g g g t t a c e a  g a a e a g a t g a  
8 4 1  g g c t g g c a t g  c c a t t gg t a g  a e a g c t a a e e  g t t c t t g a t g  c a g a t g c g t g  t t g c e g a g c a  
9 0 1  a a c g a t c a a t  g c gc t t g a t g  t t g t g c t t gg t t e g g g c c g t  g g t t g g t a a a  t t t cg a e e t a  
9 6 1  a e t e a g t e a a  g g t c ag t g t e  t t ac a t t c aa t c a g c g e e t t  a g aggecagc a t c a a g c t g t  
1 0 2 1  t t a a t e  t t t  t a g g t g a a g t  t c t g g g e a g t  a t t g g t g t aa a g a a t g t t g t  a g g a t a t t gg 
: 1 4 1  a t g c g c t t cc a c c c t a a t t  g a t g a t t t a t  t t gt: a a a t c a  t c a g g g g a t: t  c t: t c ag t a t a  
1 2 0 1  t t gc a t t a a g  c a a g g g g a c g  t t a t gc g :: gt a t t a g c c t t a  t c g gc t g t gt: t: t t t g g t g g c  
1 2 6 _ a t c g a t t a t c  g g a a t gc c t g  c g g t a g c a a a  g g a a t gg c a a  g a a a a c a a a a  g t t g g a a t g c  
1 3 2 1  t: c a c t t t a c t  g a a c a t a a a t  c a c a g g g c g t  a g t t g t g c t c  t g g a a t ga g a  a t a a g c a g c a  
1 3 8 1  a g g a t t t a c c  a a t a a t c t t a  a a c g g g c g a a  c c a a g c a t: t t  t t a cc c g c a t  c t a c ct t t a a  
1 4 4 1  a a  t c c c a a t  a g c t t g a t c g  c c c t c g a t t t  g g g c g t g g t t  a a gg a t g a a c  a c c a a g t c t t  
1 5 0 1  t a a gt gg g a t  gga c a g a c g c  g cg a t a t c g c  c a c t t g g a a t  c g c g a t c a t a a t c t a a t c a c  
1 5 6 1  c g c g a t g a a a  t a t t c a g t t g  t gc c t g t t t a  t c a a g a a t t t  g c c c g c c a a a  t t ggcga g g c  
1 6 2 1  a c g t a t g a g c  a a g a t g c t a c  a t g c t t t cg a  t t a t g g t a a t  g a g g a c a t t t  c g g gc a a t g t  
1 6 8 1  a ga c a gt t t c  t g g c t c g a c g  g t g g t a t t c g  a a t t t cggcc a c g g a g c a a a  t c a g c t t t t t  
1 7 4 1  a a g a a a g c t g  t a L c a c a a t a  a g t t a c a c g t  a t cg g a g c g c  a g c c a g c g t a  t t g t c a a a c a  
1 8 0 1  a gc c a t: g c t g  a c c g a a g c c a  a t g g t g a c t a  t a t t a t t cgg g C L a a a a c t g  g a t a c t c g a c  
1 8 6 1  t a g a a t c g a a  c c t a a g a t t g  g c t g g t g g g t  c g g t t: g g g L t  g a a c t L g a t g  a L a a t: g t gt g 
1 9 2 1  g t t t t t t gc g  a t g a a t a t g g  a t a t g c c c a c  a t cgg a t ggt t t a g g g c t g c  g c c a a gc c a t  
1 9 8 1  c a c a a a a ga a  g t gc t c a a a c  a g g a a a a a a t  t a t t c c c t a g  a ag t g g t t a g  c g c gt a t t t g  
2 0 4 1  t g t g a a a t a g  cc g t c a t a t a  a g c t g t a a a g  a t at a t g g a c  a a a a t gc t g a  t g c t c g a t g c  
2 1 0 1  g c t t g t a g t t  a a t gg c t c a t  a c t t a a t c g g  t L a g g c c t a a  t c g a c t t a a g  c t c c g c g c g t  
2 1 6 1 t a a c t 1: t t t a  g c c t g a g c a t  t a g c a t c a c a  t t c c t c a a cg t a a a a ag c c t  a g c c a a t L t g  
2 2 2 1  c t a g gc t t t t  t t g t t a L c t a  a a t g g t c a t g  g t c a c t c a a c  a t L g g g a t g t  g t a t a a a gg a  
2 2 8 1  a t g g c g a t g t  c a g t a a a g g t  g a a t gc c g c t  gcg a t a a ag t  g c c t a g c c c a  t c a a gg a t t g  
2 3 4 1  t a g g c t t t c t  t g g c t g c t a a  a g c g t t t ga c  g a a a a a gt c c  a a g a a g g c gc t g a t a t t g g t  
2 4 0 1  g g c t a a t t g t  c t g c gg c t cg a a t a c a c c c c  g t a g a c c t t a  a a g g g t t c a a  t: c g g c ca t t c  
2 4 6 2- c t g t a a g a t t  g g c a c t a g c t  g g c c g t t g g c  g a g t t c g g t t  t t g c a g g c g g  a g t t t g a t a g  
2 5 2 1  c a t t g c a a t c  c c a a ag t c a t  c g a g g g c t a a  c t g c t t a a cc a t a at c g g g c  t a t t g a c c c t  
2 5 8 :'  g a c t t t a c g c  t g a a a g1: t t a  c c a L g g t t t t  g c g a g c a c c t  t t g c c t a a gg g c c a t a t g g g  
2 6 4 1 t g c t g a g c g g  g a t g t 1: c c t a  g c a g a a 1: a c c  a c t a t g a t c g  c t c a g c t c c t  t a g g t g t t gc 
2 7 0 1  g g g g g 1: g c c g  c g t gc t t t t a  a a t a g c c a g g  g C t: t g c t a c c  a g a a t t g g t t  g a c g c t c g a a  
2 7 6 1 c a g t a a L c t t  g c a a c a a g a t  c a g a g g a t 1: g  c a g t g g c c c a  t a t t t g a t a g  c t a t g t c a t a 
2 8 2 1  t c c t t c a c c c  a c c a a a c c t a t a t c g t t g t c  ggt a a a c t gg a c a t c t a a t t  c c a c a t t g g g  
2 8 8 1  a t a t a a a c g c  a t g a a t c cg c  t: a c a g a g g t t  a g c a a t t a a t  t c t t g g c t a a  a a g ag a c c g g  
2 9 4 1  a a t g g c t a t c  c g t a a 1: g a t c  c t g a t a c a t c  a t ca t g g g t a  c t c t c g a t a a  c a g c c t t g g c  
3 0 0 1  c g c t t: c c a c c  t c a t 1: g c g a a  t g g a a t c a c a  g t g t L g a t a a  a a g a g t g c c c  c g a c t t g g g t  
3 0 6 1  a a g a c t c a g g t t a c gg g t g t  c g cg t t g t a a  c a a t c g c a c g  c c t a g t t g t t  c t t c a a g c t g  
3 : 2 1  c g c g a t t t t g  c g a c L t a t g g  t g g a t t t t g g  g L g g C C g g t t  t ca c g t g c a g  c t t g g g a g a a  
3 1 8 1  1: cc c t 1: t g c t  c t c a c t a c g g  c L g c a a a L a g  c a t c a t a c c g  t t t a a a t c t g  g c a t g t t t t L  
3 2 4 1  c c c a c t g t c t  c a t a t: t t gg a  a c a t a g c g  c t t a t g c a g t t  t a a t g g c a t t  t g gcggg a t a  
3 3 0 _  a c a a a g t t a t  a t- t t a t t g g c  t a a a a a L t t t  c a g a g g c t a a  a g c a ga g g a t  c t t t t ga t g a  
3 3 6 1  c c a g c a a t a a  t c a g cc c a a a  c a c a t g a c t c  a a gc c c a a a c  g c c c g a t c c g  c t t t t t t t a c  
3 4 2 1  a g g c c g a g c a  c L g a a g a a t c  c c c t g a t g a t  t t a c a a a t a a  a t c a t c a a a t  t a gg g t g g a a  
3 4 8 1  g c gc a t c t 1: g  t t g c a t g a t c  a a a t g g t t t c  g c c a a a a a c t  a c a c t t g g a c  a a c a a ga t g c  
3 5 4 1 g c g a a g c c a a  t a t c c t a c a a  c a t t c t t t a c  a c c a a t a c t g  c c c a g a a c t t  c a c c t a a a a c  
3 6 0 2- g a 1: t a a a c a g  c t t ga t g c 1: g  g c c t c t a a g g  c g c t g a t t g a  a t g t a a g a c a  c t g a c c t t g a  
3 6 6 1  c t g a g r. t a gg t c g a a a t t: t a  c c a a c c a c g g  c c c g a a c c a a  g c a c a a c a t c  a a g c g ca t t g  
3 7 2 1  a t c g 1: t t g c t  c g g c a a c a c g c a t c t g c a t c  a a g a a c g g t t  a g c t g t c t a c  ca a t g g c a t g  
3 7 8 1  c c a g c c t c a t  C 1: g t t c t g g t  a a c c c t a t g c  c g a t t gt g c t  c g t c g a t t g g  t c a g a c a t c c  
3 8 4 1  g a g a g c a t a a  a c g c a t c a t g  g c t c r. g c g c g  c c t c a a t a g c  c t t c aa t g g c  c g c t ct a t t a  
3 9 0 1  c c c t g t a t g a  g a a g t c c t a t  c c c c t a t c a g  a a c a a t g c t c  t a a g g c c t cc c a c a ac g g t t 
3 9 6 1  t- t t- t a g c g g a  c t t a g c c a a g  a 1: t t t: a c c t t: L g c a t g t t a c  c c c t c t c a t c  g t g a c t g a c g  
4 0 2 1  c g g gg t t c a a  a g t g c c t t gg t a c a a a g a g g  t t g a g g c g c a  t g g t t g g t: t t  t g g c t a a g c c  
4 0 8 1  g t at r. c g c g g  t a c a g t t c a a  t t t gc a g a t a  t t g g c g c t g a  a a a t t gg c g t  g c a g t t c g a a  
4 1 4 1  g t: a c a c a t g a  c t: t g g c c a a c  g gt c a a gc g a  a g a g c c t g gg t t g t a a ga c t:  t t ga c c a a a a  
4 2 0 1  c a a c c c t a t  c a a L t- gc c a t  c t c a c g c t t t  a t c g t a g c a a  a c c t a a gg g g  c g t a c a a a t c  
4 2 6 1  a g cg t t c a a c  g a g g a c t a a t  L g c c a c c a t c  c a r. cg g c a a a  a ac g t a c t c a  a c a t c g g c g a  
4 3 2 1  a a g a g c c t t g  g g t g t t a gc c  a gc a a t t t a c c a c c a g a a t c  t c g g a g c c c a  a a g c a g c t g g  
4 3 8 1  t a a a c c 1: g t a  c g c c a a a c g t  a t g c a a a t a g  a g g a a a c c t t  t cg t g a c c t c  a a a a g c c c g g  
4 4 4 1  c a t a c g g c t t  t g gc t t ac g c  c a a a g t c g t a  c c a a c a g t c c  a g a g cg a t t c  g a c a t c a t c c  
4 5 0 1  t ac t g a t a g c  g t t ga t gg t t: c a a t g c c t g t  t gt g g c t a g t  t g g t t t a c a c  g c a c a g c a a c  
4 5 6 1  a g g g c t g g g a  t a a g c a t t t t  c a g g cc a a t a  c c a t t g g g c a  t c g a a c g g t a  c t c t c aa c g a  
4 6 2 1  t t c g c t  
pAB C 1 0 6 - Tn 1 9 9 9 . 2 5 4 5 1  bp DNA l i n e a r  2 4 -MAR - 2 0 1 5  
T I ON t r a n sp o s o n  p a r t i a l  s e quence . 
I ON 
N 
DS 
N I S M 
E 
NAL 
NCE 
ORS 
E 
NAL 
T 
s o u r c e  
ene 
' OS 
, e ne 
: DS 
K l e b s i e l l a  p n e umon i a e  
K l e b s i e l l a  p n e umon i a e  
Un c l a s s i f i e d . 
1 ( b a s e s  1 t o  5 4 5 1 ) 
S onnevend , A . M . , Al - B a l ou s h i , A . E . , Gh a z a w i , A . A .  and P a l , T .  
Cha r a c t e r i z a t i o n o f  N OM a n d  OXA c o - p r o d u c e r  K l e b s i e l l a pne umon i a e  
i s o l a t e d  i n  t h e  A r ab i a n P e n i n s u l a  
Unpub l i s h e d  
2 ( b a s e s  1 t o  5 4 5 1 ) 
S on n e v e n d , A . M . ,  A l - B a l ou s h l , A . E . , Gh a z a w i , A . A .  a n d  Pa l , T .  
D i r e c t  S ubmi s s i on 
S ubmi t t e d  ( 2 4 - MAR - 2 0 1 5 )  Med l c a l  M i c r ob i o l og y  a n d  Immu n o l ogy , U n i t e d 
A r a b  Emi r a t e s  U n i ve r s i t y ,  T a wam s t r e e t  1 ,  Al A i n  1 7 6 6 6 ,  U n i t e d  A r a b  
Emi r a t e s  
# # A s s emb l y - D at a - S TART # #  
A s s emb l y  M e thod C l one Manager v . 9 
S e q u e n c i n g  T e c h no l og y  : :  S a n g e r  d i d e o x y  s e qu e n c i n g 
# itA s s emb l y - Da t a - E N D # # 
L oc a t i o n / Q u a l i f i e r s  
1 . .  5 4 5 1  
/ o r g a n i sm= " K l e b s i e l l a  p n e umon i a e " 
/mol t yp e = " g e n om i c  DNA " 
/ s t rai n= "ABC 1 0 6 "  
/ p l a sm i d = " pABC l 0 6 - 0XA " 
/ c o u n t r y= " U n i t e d  Arab Emi r a t e s " 
c omp l ement ( 1 1 0 9  . .  1 6 1 2 )  
/ g e n e = " i n sA " 
c omp l ement ( 1 1 0 9  . .  1 6 1 2 )  
/ g e n e = " i n sA "  
/ c odon s t a r t = l  
/ p r oduct = " I S 1  t r a n s po s a s e  i n s A "  
/ t r a n s l a t i on = " M P G  RP HYGRWPQH D F P P FKKLRPQSVT S R I Q PG S DV I VCAEMD 
EQWGYVGAKS R Q RWL FYAY DRLRKTVVAHVFGE RTMATLGRLM S LL S P FDVV I WMTDG 
W P L Y E S RLKGKLHV I S KRYTQ� I ERHN �NLRQHLARLGRKS LS FSKSVELHDKV I G H Y  
L N I KH Y Q "  
comp l eme nt , 1 5 3 1  . .  > 1 8 0 6 )  
/ g e n e = " i n s B "  
c omp l ement ( 1 5 3 1  . .  > 1 8 0 6 )  
/ g e n e = " i n s B " 
/ n o t e = " pa r t i a l " 
/ c odon s t a r t = l  
/ p r oduct = " I S 1  t r a n s p o s a s e  i n s B "  
/ c r a n s l a t i on = " VASVS I S CPS CSAT DGVVRNGKSTAGHQRYLCSHC RKTWQLQ FT 
YTASQPGTHQK I I DMAMN GVGCRATARI MGVGL N T I FRHLKN S GR S R "  
2 0 2 5  . .  2 8 2 2  
/ g e n e = " b l aOXA- 1 6 2 "  
2 0 2 5  . .  2 8 2 2  
/ g e n e = " b l aOXA - 1 6 2 "  
/ e odon s t a r t = l  
/ p r oduct = " c a r bapenem hydro l i z i n g  c l a s s  D b e t a  l a e t a ma s e "  
/ t r a n s 1 a t i o n= " MRVLAL SAV FLVAS I I GMPAVAKEWQE NKS WNAH FT EHKSQGVV 
VLWN E N KQQG FTNN LKRAN QAFLPA S T FKI PN S L I A L DLGVVKDEH QVFKW OGQT R O I  
ATWN R D H N L I TAMKYSVVPVYQ E FARQI GEARM S KMLHA FOYGN E D I SGNV D S FW L OG 
G I R I SAT E Q I S FLRKLYHNKLHVS E R S Q R I VKQAMLTEAN G DY I I RAKTGYSAR I E PK 
I GWWVGWVE L D DNVW F FAMNMDMPTS DGLGLRQA I T KEVLKQE K I I P " 
comp l eme nt ( 3 1 2 4  . .  4 0 3 5 )  
/ g e n e = " l ys R "  
comp l eme n t ( 3 1 2 4  . .  4 0 3 5 )  
/ g e n e = " l y s R "  
/ c odon s t a r t = l  
/ p r o d uct = " t r a n s c r i p t i o na l reg u l a t o r " 
/ t r a n s l a t i o n= " MP DLNGMMLFAAVVRAKGFSQAARETGH PKS T I S R K I AQLEEQL 
GVRLLQR DTRNLS LTQVGAL FYQHC D S I RN EVEAAKAV I E S T H DDVSGS L R I A I PVS F 
S Q E L IANLC S G FMRLYPNVELOVQFT ON O I G LVGEG Y D I A I KYGPLQSS OLVARLL FE 
R Q P I LVA S PG Y LKARGT PAT P KELS O H S G I LLGT S RSA P I W P LGKGARKTMVN FQRKV 
RVN S P I MVKQLA L O O FG I AMLSN SACKT E LANGQLV P I LQEWP I E P FKVYGVY S S RRQ 
LATN I SA FL D F FVKR F S S Q E S LQS LMG " 
1 g g c c g c c t ga g t a c c t c c a a  t c c c a a gcga a t c gt t g a g a  g t a c c g t t c g a t g c c c a a t g  
6 1  g t a t t g g c c t  g a a a a t g c t t  a t c c c a g c c c  t g  t g c t g t g  c g t g t a a a c c  a a c t a g c c a c  
1 2 1  a a c a g gc a t t g a a c c a t c a a  c g c t a t c a g t  a g ga t g a t g t:  cg a a t c g c t c  t g g a c t g t t g  
1 8 1  g t a c g a c t t t  g g c g t a a g c c  a a a g c c g t a t  g c c g g gc t t t  t g a g g t c a c g  a a a g g t t t c c  
2 4 1  t: c t a t t t gc a  t a c g t t t g gc gt a c aggt t t  a c c a g c t g c t  t t gg g c t c c g  a g a t t c t g g t  
3 0 1  ggt a a a t t g c  t g g c t a a c a c  c c a a g gc t c t  t t c g c c g a t g  t t g a g t a c g t  t t t t g c c g a t  
3 6 1  g g a t g g t g g c  a a t t a g t c c t  c g t t g a a c gc t g a t t t g t a c g c c c c t t a g g  t t t g c t a c g a  
4 2 1  t a a a g c g t g a  g a t g g c a a t t  g a t a g g g t t c.  g t t t t g g t c a  a a g t c t t a c a  a c c c a g g c t c  
4 8 1  t t c g c t t g a c  c g t t g g c c a a  g t c a t g t: g t c.  c t t c g a a c t: g  c a c g c c a a t t  t t c a g c g c c a  
5 4  a t a t c t g c a a  a t t g a a c t g t  a c c g c g a a t a  cgg c t t a g c c  a a a a c c a a c c  a t g c g c c t c a  
6 0 1  a c c t c t t t g t a c c a a g g c a c  t t t g a a c c c c  g c g t c a g t c a  c g a t g a g a gg g g t a a c a t g c  
6 6 1  a a a g g t a a a a  t c t t g g c t a a  g t c c g c t a a a  a a a c c g t t g t  g g g a gg c c t t  a g a g c a t t g t  
7 2 1  t c t g a t a ggg g a t a g g a c t t  c t c a t a c a gg g t a a t a g a g c  g g c c a t t g a a  g g c t a t t g a g  
7 8 1  g c g c g c a g a g  c c a t g a t g c g  t t t a t g c t c t  c g g a t g t c t g  a c c a a t c g a c  g a gc a c a a t c  
8 4 1  g g c a t a g g g t  t a c c a g a a c a  g a t g a g g c t g  g c a t g c c a t t  ggt a g a c a g c  t a a c c g t t c t  
9 0 1  t ga t gc a g a t g c g t g t t g c c  g a g c a a a c g a  t c a a t g c g c t  t g a t g t t g t g  c t t g gt t c g g  
9 6 1  g c c g t g g t t g  g t a a a t t t: c g  a c c t a a c t c a  g t c a a g g t c a  g t g t c t t a c a  t t c a a t c agc 
1 0 2 1  g c c t t a g a g g  c c a g c a t c a a  g c t g t t t a a t  c g t t t t a g g t  g a a g t t c t g g g c a g t a t t g g  
0 8 1  L g t a a a g a a t  g t t g g t a a t g  a c t c c a a c t t  a t t g a t a g t g  t t t t a t g t t c  a g a t a a t g c c  
1 4 1  c g a t g a c t t t  g t c a t g c a g c  t c c a c c g a t t  t t g a g a a c g a  c a g c g a c t t c  c g t c c c a g c c  
2 0 1  g t g c c a g g t g c t g c c t c a g a t t c a g g t t a t  g c c g c t c a a t  t c g c t g c g t a t a t c g c t t g c  
2 6 ::"  t ga t t a c g t g  c a g c t t t c c c  t t c a gg c ggg a t t c a t a c a g  c g g c c a g c c a  t c c g t c a t c c  
3 2 1  a t a t c a c c a c  g t c a a a g g g t  g a c a g c a g g c  t c a t a a g a c g  c c c c a g c g t c  g c c a t a g t g c 
3 8 1  g t t c a c c g a a  t a c g t g c g c a  a c a a c c g t c t  t c c g g a g c c t  g t c a t a c g c g  t a a a a c a g c c  
4 4 1  a g c g c t ggcg cg a t t t a g c c  c c g a c g t a t c  c c c a c t g t t c  g t c c a t t t c c  g c g c a g a c g a  
5 0 1  t g a c g t c a c t  g c c c g g c t g t  a t gc g c g a g g  t t a c c g a c t g  c g g c c t g a g t  t t t t t a a a t g  
5 6 1 g c gg a a a a t c  g t g t t g a g g c  c a a c g c c c a t  a a t g c g g g c g  g t t g c c c g g c  a t c c a a c g c c  
6 2 1  a t t ca t g g c c  a t a t c a a t ga t t t t c t gg t g  c g t a c c gggt t g a g a a g c g g  t g t a a g t g a a  
6 8 1  c t g c a g t t g c  c a t g t t t t a c  g g c a g t g a ga g c a g a g a t a g  cg c t g a t g t c  c g g c g g t g c t  
7 4 1  t t t g c c g t t a  c g c a c c a c c c  c g t c a g t a g c  t g a a c a gg a g  gga c a g c t g a  t: a g a a a c a g a  
!l 8 0 l  a g c c a c t g g a  g c a c c t c a a a  a a c a c c a t c a  t a c a c t a a a t  c a g t a a g t t g  g c a g c a t c a c  
8 6 1 c a a g a a t g t t  g t a g g a t a t t  gg c t t c g c g c  a t c t t g t t g t c c a a g t g t a g  t t t t t g gcga 
1 9 2 1  a a c c a t t t g a t c a t g c a a c a  a g a t g c g c t t  c c a c c c t a a t  t t ga t g a t t t  a t t t g t a a a t  
9 8 1  c a t c a g g g g a  t t c t t c a g t a  t: a t t g c a t t a  a g c a a g g g g a  c g t t a t g c g t  g t a t t a g c c t  
� 0 4 1 t a t c g g c t g t  g t t t t t g g t g  g c a t c g a t t a  t c g g a a t g c c  t gc g g t a g c a  a a g g a a t g g c  
2 1 0 1  a a g a a a a c a a  a a g t t g g a a t  g c t c a c t t t a  c t g a a c a t a a  a t c a c a g g g c  g t a g t t g t g c  
2 1 6 ::"  t c t g g a a t g a  g a a t a a g c a g  c a a g g a t t t a  c c a a t a a t c t  t a a a c g g g c g  a a c c a a g c a t  
_ 2 2 1  t t t t a c c c g c  a t c t a c c t t t  a a a a t t c c c a  a t a g c t t g a t  c g c c c t c g a t  t t gggc g t g g  
� 2 8 1  t t a a g g a t g a  a c a c c a a g t c  t t t a a g t g g g  a t g g a c a g a c  g c g c g a t a t c  g c c a c t t g g a  
1' 3 4 1  a t c g c g a t c a  t a a t c t a a t c  a c c g c g a t g a  a a t a t t c a g t:  t g t g c c t g t t  t a t c a a g a a t  
� 4 0 1  t t g c c c g c c a  a a t t g g c g a g  g c a c g t a t g a g c a a g a t g c t  a c a t g c t t t c  g a t t a t ggt a 
� 4 6 1 a t ga g g a c a t  t t c g g g c a a t  g t a g a c a g t t t c t g g c t c g a  c g g t g g t a t t  c g a a t t t c g g  
� 5 2 1  c c a c g g a g c a  a a t c a g c t t t  t t a a g a a a g c  t g t a t c a c a a  t a a g t t a c a c  g t a t c g g a g c  
5 8 1  g c a g c c a g c g  t a t t g t c a a a  c a a g c c a t g c  t g a c c g a a g c c a a t g g t g a c  t a t a t t a t t c  
2 6 4 1  gggc t a a a a c  t g g a t a c t c g  g c t a g a a t cg a a c c t a a g a t  t g g c t g g t g g  g t c g g t t g gg 
7 0 1 t t g a a c t t g a t g a t a a t g t g  t g g t t t t t t g c g a t g a a t a t  g ga t a t g c c c  a c a t c g g a t g  
7 6 1 g t t: t a g g g c t  g c g c c a a g c c  a t c a c a a a a g  a a g t g c t c a a  a c a g g a a a a a  a t t a t t c c c t  
2 8 2 1  a g a a g t g g t t  a g c g c g t a t t  t g t g t g a a a t  a g c c g t c a t a  t a a g c t g t a a  a g a t a t a t g g 
2 8 8 1  a c a a a a t g c t  g a t g c t c g a t:  g c gc t t g t a g  t t a a t g g c t c  a t a c t t a a t c  g g t t a g g c c t  
P 9 4 1 a a t c g a c t t a  a g c t c c gc g c  g t t a a c t t t t  a g c c t g a g c a  t t a g c a t c a c  a t t c c t c a a c  
B 0 0 1  g t a a a a a g c c  t a g c c a a t t t  g c t a g g c t t t  t t t g t t a t c t  a a a t g g t c a t  g g t c a c t c a a  
0 6 1  c a t  g g g a t g  t g t a t a a a g g  a a t g g c g a t g  t c a g t a a a g g  t g a a t g c c g c  t gc g a t a a a g  
B ::.. 2 1  t g c c t a g c c c  a t c a a g g a t t  g t agg c t t t c  t t ggc t g c t a  a a g c g t t t g a  c g a a a a a g t c  
B 1 8 1  c a a ga a g g c g  c t g a t a t t g g  t g g c t a a t t g  t c t g c g g c t c g a a t a c a c c c  c g t a g a c c t t  
B 2 4 1  a a a g g g t t c a  a t c g g c c a t t  c c t g t a a g a t  t g g c a c t ag c  t g g c c g t t g g  c g a g t t c g g t  
3 0 1  t t t g c a g g c g  g a g t t t g a t a  g c a t t g c a a t  c c c a a a g t c a  t c g a g g g c t a  a c t g c t t a a c  
8 3 6 1  c a t: a a t c g g g  c t a t t g a c c c  t g a c t t t a c g  c t g a a a g t t t  a c c a t g g t t t  t g c g a gc a c c  
B 4 2 1  t n : g c c t a a g  g gc c a t a t g g  g t g c t g a g cg g g a t g t t c c t  a g c a ga a t a c  c a c t a t g a t c  
8 4 8 1  g c t c a g c t c c  t: t a g g t g t t g  c g g g g g t gc c  g c g t g c t t t t  a a a t a g c c a g  g g c t t g c t a c  
5 4 1 c a g a a t t g g t  t g a c g c t c g a  a c a g t a a t c t  t g c a a c a a g a  t c a g a g g a t t  g c a g t gg c c c  
B 6 0 1  a t a t t t g a t a  g c t a t g t c a t  a t c c t t c a c c  c a c c a a a c c t  a t a t c g t t g t c g g t a a a c t g  
6 6 1  g a c a t c t a a t  t c c a c a t t g g g a t a t a a a c g  c a t g a a t c cg c t a c a g a g g t  t a g c a a t t a a  
p 2 1  t t c t t g g c t a  a a a g a g a c c g  g a a t g gc t a t  c c g t a a t g a t  c c t g a t a c a t  c a t c a t g g g t  
8 7 8 1  a c t c t c g a t a  a c a g c c t t g g c c g c t t c c a c  c t c a t: t g c g a  a t g g a a t c a c  a g t g t t g a t a  I 
8 8 4 1  a a a g a g t g c c  c c g a c t t g gg t a a g a c t c a g  g t t a c g g g t g  t c g c g t t g t a  a c a a t c g c a c  I � 9 0 1  gc c t a g t t gt t c t t c a a g c t  g c g c g a t t t t  g c g a c t t a t g  g t g ga t t t t g g g t g g c c g g t  
9 6 1  t t ca c g t g c a  g c t t gg g a g a  a t c c c t t t gc t c t c a c t a c g  g c t g c a a a t a  g c a t c a t a c c  
� 0 2 1  g t t t a a a t c t  g g c a t g t t t t  t c c c a c t g t c  t c a t a t t t g g  a a c a t a g c g t  c t t a t g c a g t  
4 0 8 1  t t a a t gg c a t  t t g g c g g g a t a a c a a a g t t a  t a t t t a t t g g c t a a a a a t t t  c a g a g g c t a  
H 4 1  a a g c a g a g g a  t c t t t t g a t g  a c c a g c a a t a  a t c a g c c c a a  a c a c a t g a c t  c a a g c c c a a a  
4 2 0 1  c g c c c g a t c c  g c t t t t t t t a  c a g g c c g a g c  a c t g a a g a a t  c c c c t g a t g a  t t t a c a a a t a  
4 2 6 1 a a t c a t c a a a  t t a g g g t g g a  a g c gc a t c t t  g t t g c a t g a t  c a a a t g g t t t  c g c c a a a a a c  
a c c a a t a c t  
4 4 1  a a t g t a a g a c  a c t g a c c t t g  a c t g agt ag g t c g a a a t  t a c c a a c c a c g  g c c c g a a c c a  
. 5 0 1  a g c a c a a c a t  c a a g c g c a t t  g a t c g t t t g c t c ggca a c a c  g c a t c t g c a t  c a a g a a c ggt 
5 6 1  t a gc t g t c t a  c c a a t g g c a t  g c c a g c c t c a  t C t g t t c t g g t a a c c c t a t g  c c g a t t g t g c  
6 2 1  t c g t c g a t t g  g t c a g a c a t c  c g a g a g c a t a  a a c g c a t c a t  ggc t c t g c g c  g c c t c a a t a g  
6 8 1  c c t t c a a t g g  c c g c t c t a t t  a c c c t g t a t g  a g a a g t c c t a  t c c c c t a t c a  g a a c a a t g c t  
7 4 1  c t a a g g c c t c  c c a c a a c ggt t t t t t agcgg a c t t a g c c a a  g a t t t t a c c t  t t g c a t g t t a  
_ 8 0 1  c c c c t c t c a t  c g t g a c t g a c  gcggggt t c a  a a g t g c c t t g  g t a c a a a g a g  g t t g a g gcgc 
8 6 1 a t g g t t g g t t  t t ggct a a g c  c g t a t t c g c g  g t a c a g t t c a  a t t t g c a g a t  a t t g g c g c t g  
9 2 1 a a a a t t g g c g  t gc a g t t c g a  a g t a c a c a t g  a c t t g g c c a a  c g g t c a agcg a a g a g c c t g g 
9 8 1  gt t g t a a g a c  t t t g a c c a a a  a c t a a c c c t a  t c a a t t g c c a  t c t c a c g c t t  t a t c g t a g c a  
0 0 4 1  a a c c t a a g g g  g c g t a c a a a t  c a g c g t t c a a  c g a g g a c t a a  tt g c c a c c a t  c c a t c g g c a a  
1 0 1 a a a c g t a c t c  a a c a t cg g c g  a a a g a g c c t t  gggt g t t a g c  c a g c a a t t t a  c c a c c a g a a t  
1 6 1  c t c g g a g c c c  a a a g c a g c t g  g t a a a c c t g t  a c g c c a a a c g  t a t g c a a a t a  g a g g a a a c c t  
D 2 2 1  t t c g t g a c c t  c a a a a g c c c g  g c a t a c ggct t t gg c t t a c g  c c a a a g t c g t  a c c a a c a g t c  
0 2 8 1  c a g a g c g a t t  c g a c a t c a t c  c t a c t g at a g c g t t g a t g g t  t c a a t g c c t g  t t g t g g c t a g  
5 3 4 1 t t g gt t t a c a  c g c a c a g c a a  c a g g g c t g g g  a t a a g c a t t t  t c a g g c c a a t  a c c a t t gggc 
- 4 0 1  a t c g a a c g g t  a c t c t c a a c g  a t t c g c t t g g g a t t g g a g g t  a c t c a ggcgg c 
1 S  pSA5 4 - T n 1 9 9 9 . v a r i a n t  6 2 0 8  bp 
: N I T I ON t r a n s p o s o n  p a r t i a l  s e qu e n c e . 
� S S I m� 
3 I ON 
'lORDS 
�CE 
�GAN I SM 
Kl ebs i e l l a  pn e umon i a e  
Kl eb s i e l l a  p n e umon i a e 
U nc l a s s i f i e d . 
1 ( ba s e s  1 t o  6 2 0 8 ) 
DNA l i ne a r  1 9 -APR- 2 0 l 5  
�RENCE 
JTHORS 
: TLE 
S on n eve nd , A . M . , AI - B a l o u s h i , A . E . , G h a z awi , A . A . a n d  Pa l , T . 
Cha r a c t e r i z a t i on o f  N OM a n d  OXA c o - p r oduce r K l eb s i e l l a  pne umon i ae 
i s o l a t e d  i n  t h e  Ar a b i a n  P e n i n s u l a  
)UR1Vl,L 
:RENCE 
lTHORS 
: TLE 
)u RNAL 
lENT 
URES 
s o u r c e  
Unpubl i s h e d  
2 ( ba s e s  1 t o  6 2 0 8 )  
S on n e v e n d , A . M . , A I - B a l o u s h i , A . E . , Gha z awi , A . A .  a n d  Pa l , T .  
D i r e c �  S ubmi s s i o n  
S ubmi t t e d  ( 1 9 -APR - 2 0 1 5 )  M e d i c a l  M i c r ob i o l o g y  a n d  Immu n o l o g y ,  U n i t e d  
Arab Emi r a t e s  U n i ve r s i t y ,  T awam s t r e e t  1 ,  A l  A i n  1 7 6 6 6 ,  U n i t ed Arab 
Emi r a t e s  
# #A s s emb l y - Da t a - S TAR T # #  
A s s emb l y  M e t hod C l o n e  M a n a g e r  v . 9 
S e qu e n c i n g  T e c h n o l o g y  : :  S a n g e r  d i de o x y  s e quenc i n g 
# ¥ A s s emb l y- Da t a - E N O # # 
L o c a t i on l  u a l i f i e r s  
1 .  . 6 2 0 8  
l o r ga n i sm= " Kl eb s i e l l a  p n e umon i a e "  
I mo l  t ype = " g e nomi c DNA " 
/ s t r a i n= " SA5 4 "  
/ p l a smi d= " SA5 4 - 0XA " 
I c oum: r y= " S a u d i  Arab i a "  
g e n e  c omp l em e n t  « 1  . .  1 0 9 2 ) 
I g e n e = " t npA " 
I n o t e = " I S 1 9 9 9  t r a n s p o s a s e  i n t e r ru p t e d  by I S 1 R "  
mob l l e  e l ement c omp l ement ( 1 0 9 3 . .  1 8 5 9 )  
/mob i l e  e l em e n t  t ype = "  i n s e rt i on s e qu e n c e : I S I R "  
g e n e  c omp l emen t ( 1 1 0 7� . 1 6 1 0 )  
I g e n e = " I n sA " 
g e n e  c omp l eme n t  ( 1 5 2 9 . .  1 8 0 4 ) 
/ g e n e = " t npA I n s B "  
g e n e  comp l em e n t  ( 1 8 7 0  . .  1 9 3 2 ) 
/ g e n e = " tnpA" 
/ no t e = " I S 1 9 9 9  t r a n s p o s a s e  i n t e r r upt e d  b y  I S l R "  
g e n e  2 0 2 3  . .  2 8 2 0  
I g e n e = " b l aOXA- 4 8 " 
C D S  2 0 2 3  . .  2 8 2 0  
I g e n e = " b l aOXA - 4 8 " 
I c odon s t a n : = l  
Ip r o duct = " ca rbapenem h y d r o l i z i n g  c l a s s  D b e t a  l a c t ama s e "  
I t r an s l a � i on = " r1RVLALSAV FLVAS I I GMPAVAKEW ENKSltJNAHFTEHKS QGVV 
VLWNENKQQGFTNNLKRANQA F L PAS T F K I P N S L IAL OLGVVKDEHQVFKW DGQTRDI 
ATvJNRDHN L I TAMKYSVVPVYQE FAR Q I GEARMSKMLHAFDYGN E D I SGNV D S F W L OG 
G I R I SATE Q I S FLRKLYHNKLHV S E RS Q R I VKQAMLTEANGDY l I RAKTGY S T R I E P K  
I GWltJVGWVE L DDNVVJ F FAMNM OM P T S DGLGLRQAI TKEVLKQEK I I P " 
g e n e  comp l e m e n t « 3 1 2 2  . .  > 3 6 8 4 ) 
I ge n e = " l ys R - l i ke "  
I n o t e = " T r a n s c r i p t i on a l  r e gu l a t o r  Lys R fami l y  g e n e  
i m : e r ru p t e d  b y  I S I R " 
mobi l e  e l ement 3 6 8 5  . .  4 4 6 1  
Imob i l e_ e l em e n t  t ype = " i n s e r t i o n  s eq u e n c e : I S I R " 
g e n e  3 7 4 9  . .  4 0 2 4  
I ge n e = " i n s B "  
C D S  3 7 4 9  . .  4 0 2 4  
/ ge n e = " l T: s B "  
I co d o n  s t a rt = l  
I p ro duct = " I S l  t r a n s po s a s e  i n s B "  
/ t r a n s l a t i o n = " MASVS I S C P S CSAT DGVVRNGKSTAGHQR Y L C S H C RKTWQLQ FT 
Y TASQPGTHQK I I DMAMNGVGCRATAR I MGVGLN T I FRHLKN S G R S R " 
g e n e  3 9 4 3  . .  4 4 4 6  
I ge n e = " i n sA "  
C D S  3 9 4 3  . .  4 4 4 6  
I ge n e = " i n s A "  
I codon s t a r t = l  
/ n r l""\r1 1 "'l ,... r = "  T c::: 1 t" r � n  q: n n s "-" , � � -,-,,> ", , ,-______________________ _ 
g e n e  
g e n e  
E W GYVGAKS R  RWL FYAY DRLRKTWAHVFGERTt1ATLGRLMS L L S P FDWI WMTDG 
W P LY E S RLKGKLH V I S KRYTQRI ERHNLNLRQHLARLGRKSLS FSKSVELHDKV I GH Y  
LN I KH Y  " 
c omp l em e n t « 4 4 6 2 . .  4 8 1 0 )  
/ ge n e = " l y s R - l i k e " 
/ n o t e = " t r a n s c r i p  i on a l  a c  i v a t o r  L y s R  f ami l y  i n t e r rupt e d  
b y  I S 1 R "  
5 0 7 1  . .  > 6 2 0 8  
I g e n e = " t npA " 
r COUNT 
. I N  
/ n o t e = " I S 1 9 9 9  t r a n sp o s a s e " 
1 5 9 8  a 1 4 6 5 c 1 5 3 6  9 1 6 0 9  t 
1 c c g c c t g a g t  
6 1  a t t g gcc g a  
1 2 1  c a g g c a t t g a  
1 8 1  a c g a c c t t g g  
2 4 1  t a c c r. g c a t a  
3 0 1  t a a a r. r. g c t g  
3 6 1  a t gg t g g c a a  
4 2 1  a ag c g t g a g a  
4 8 1  c g c t L g a c c g  
5 4 _  a t c t g c a a a t  
6 0 1  c c t t L g t a c  
6 6 �  a g g t a a a a t c  
7 2 1  t g a t a g g g g a  
7 8 1  g c g c a g a g c c  
8 4 1  c a t ag gg t t a  
9 0 1  a t g c a g a L g c  
9 6 1  C g L g g t t g g  
1 0 2 i  c t  a ga gg c c  
l 0 8 1  c a aa g a a r. g t  
: 1 4 1  a L g a c t  t g t  
1 2 0 1  g c c a gg t g c c  
� 2 6 l a t t a c g r. g c a  
1 3 2 1  a t c a c c a c g t  
: 3 8 1  t ca c c g a a t a  
U 4 1  c g c r. g g c g c g  
1 5 0 1  a cg t ca c t g c  
1 5 6 1  g g a a a a t c g t  
1 6 2 1  t c a t ggcc a t  
1 6 8 1  g c a g t t gc c a  
1 7 4 1  t g c c g r. t a c g  
1 8 0 1  c c a c t g g a g c  
1 8 6 1 a g a a t g t t g t  
1 9 2 1  c c a r.  t g a t c  
1 9 8 1  t ca g g g g a t t  
2 0 4 1 t c g g c c g  g L  
2 1 0 1  g a a a a c a a a a  
2 1 6 1  t gg a a t ga g a  
2 2 2 1  r. t a cc c g c a t  
2 2 8 1  a a g g a t g a a c  
2 3 4 1  c g c g a t c a t a  
2 4 0 1  g c c c g c c a a a  
2 4 6 1 g a gg a c a t t t  
2 5 2 1  a c g g a g c a a a  
2 5 8 1  a g c c a g c g t a  
2 6 4 1  g c r. a a a a c t g  
2 7 0 1  g a a c t t g a t g  
2 7 6 1  t t a gg g c t g c  
2 8 2 1  a a g t g g t t a g  
2 8 8 1  a a a a t gc t g a  
2 9 4 1  t c g a c t t a a g  
3 0 0 1  a a a a agcct a 
3 0 6 1 t t g g g a t g t g  
3 1 2 1  c CL a gc c c a t  
3 1 8 1  a g a a g g c g c t  
3 2 4 1  a g g g t t c a a t  
3 3 0 1  t g c a gg c g g a  
3 3 6 1  t a a t c g g g c t  
3 4 2 1  t g c c t a a ggg 
3 4 8 1  L c a gc t c c t t  
3 5 4 1  g a a L t g g t t g  
a c c t cc a a t c  c c a a gc g a a t  
a a a t g c t t a t  c c c a g c c c t g  
a c c a t c a a c g  c t a t c a g t a g  
c g t a ag c c a a  a gccgt a t g c 
c g t c t gg c g t  a c a g gc t t a c  
g c t a a ca c c c  a ag g c t c t t t  
t t a g t c c t c g  t t g a a c g c t g  
t gg c a a t r. g a  t a g g g t t a g t 
t t gg cc a a g t  c a t g t g t a c t  
t ga a c t g t a c  c g cg a a t a c g  
c a a g g c a c c t t ga a c c c c g c  
r. t gg c t a a g t  c c g c t a a a a a  
c a g g a c t t c t  c a t a c a g g g t  
a t g a  g c g t t  t a t g c t c t cg 
c c a g a a c a g a  t g a gg c t g g c  
g t g t t gc c g a  g ca a a c g a c c  
a a a t t t c g a c  c t a a c t c a g t  
a g c a  c a a g c  t g t t t a a t cg 
t g g c a a t g a c  t c c a a c t t a t  
c a r. g c a g c t c  c a cc g a t t t t  
g c c t c a g a t t  c a g g t t a t gc 
g c t c t c c c t t  c a g g c g g g a t  
c a a a g ggt g a  c a g c a g g c  c 
c g t gc g c a a c  a ac c g t c t c c  
a t t t a gc c c c  g a c g t a t c c c  
c c gg c c g r. a t  g c g c g a g g t t 
g t t g a g g c c a  a c g c cc a t a a  
a t c a a t g a t t  r. t c t g g t g c g  
c g t t t  a c g g  c a gt g a g a gc 
c a c c a c c c c g  t c a g t a g c t g 
a c c t c a a a a a  c a c c a t c a t a  
a g g a t a t t g g c t t cg c g c a t  
a t g c a a c a a g  a t g c g ct t cc 
c t t c a g t a t a  t c g c a t t a a g  
t t t t g g t g g c  a t c g a t t a t c  
g� t gg a a t gc c c a c t t t a c t  
a t a a g c a g c a  a g g a r. t t a c c  
c t a c ct t t a a  a a r. t c c c a a t  
a c c a a g t c t t  t a a g t g g g a t  
a L c t a a t c a c  c gc g a t g a a a  
c t g g c g a g g c  a c gr. a t ga g c  
c g g g c a a t g t  a g a c a g t t t c  
t c a g c t t t t t  a a g a a a g c t g  
L t g c c a a a c a  a gc c a t g c t g  
g a t a c t cg a c  t a g a a t cg a a  
a t a a t g t g t g  g t t t t t t g c g  
g c c a a g c c a t  c a c a a a a g a a  
c g c g t a t t t g  t g t g a a a t a g  
t gc t c g a t g c  g c t t g t a g t t  
c t c c g c g c g t  t a a c t t t t a g 
g c ca a c t t g c t a g g c t t t t t  
t a t a a a g g a a  t g g c g a t g t c  
c a a g ga t t g t a gg c t t t c t t  
g a c a t t gg t g  g c t a a t t g t c  
c g g c c a t t c c  t gt a a g a t t g  
g t t t g a t a g c  a t t g c a a t c c  
a t t g a cc c t g  a c t t t a c g c t  
c c a t a c g g g t  g c c g a gc g g g  
a g g t g t t g c g  g g g g L g C C g C  
a c g c t c g a a c  a g t a a t c t t g  
c g t t g a g a gt a c c g t t c g a t  gcc c a a t g g t  
t t g c t g t gc g  t g t a a a c c a a  c t a gcca c a a  
g a t g a t g t c g  a a t c g c t c t g  g a c t g t t g g t  
cgggc t t t t g  a g g t c a c g a a  a g g t t t c c t c  
c a g c t gc t t t  g g g c t c c g a g  a t t c t g g t g g  
c g c cg a t g t t  g a g t a c g t t t  t t g ccga t g g  
a t t t g t a c g c  c c c t t a g g t t  t g c t a c g a t a  
t t t g g t c a a a  g t c t t a c a a c  c c a g gc t ct t 
t cg a a c t g c a  c g c c a a t t t t  c a g c g c ca a t  
g c t t a g c c a a  a a c c a a c c a t  g c g c c t c a a c  
g t c a g t c a c g  a t g a g a gg g g  t a a c a t gc a a 
a cc g c t g t gg g a g g c c t t a g  a g c a t t g t t c  
a a t a g a gc g g  c c a t t g a a gg c t a t t ga g g c  
g a t g t c t g a c  c a a t c g a c g a  g c a c a a t c g g  
a t gcca t t g g t a g a c a gct a a c c g t t c t t g  
a a t g c g c t t g  a t g t t gt g c t  t g g L r. C gggC 
c a a g g t c a g t  g t c t t a c a t t  c a a t c a g c g c  
t t t t a g g t g a  a g t t c t g g g c  a g t a t t g g t g  
t g a t a g t g t t  t t a t g t t c a g  a t a a t g c c c g  
g a g a a c g a c a  g c g a c t t c c g  t cc c a g c c g t  
c g ct c a a t t c  g c r. g c g t a c a  t cg c t t g c t g  
t c a t a c a g c g  g c c a g c c a t c  c g t c a t c c a t 
a t a a g a cgcc c c a g c g t c g c  c a t a g t gc g L  
c g g a g c c r. g r.  c a t a c g c g t a  a a a c a g c c a g  
c a c t g t t cg t  cc a t t t c c g c  g c a g a c g a t g 
a c c g a c t g c g  g c c t g a g t t t  c t r. a a a t gg c  
t g c g g g c g g t  t g c c c g g c a t  c c a a c g c c a t  
t a c c g g g c t g  a g a a gc gg t g  t a a g t g a a c t  
a g a g a t a g c g  c t g a t gt c c g  g c g g t g c t t t  
a a c a g g a g g g  a c a g c t g a t a  g a a a c a g a a g  
c a c  a a a t c a  g t a a g t t gg c  a g c a t c a c c a  
c t t g t t g t c c  a a g t g t a g t t  t L t g gcga a a  
a c c c t a a t t t  g a t g a t t t a t  t t g t a a a t c a  
c a a gg g g a c g  t t a t g c g t g t  a t t a gc c t c a  
g g a a t g c c t g  c g g c a g c a a a  g g a a t g g c a a  
g a a c a t a a a t  c a c a g g g c g t  a g t t g t g c t c  
a a t a a t c t r. a  a a c g g g c g a a  c c a a g c a t t t  
a g c t t g a t c g  c c c t c g a t t t  g g g c g t g g t t 
g g a c a g a cgc g c g a t a t c g c  c a c t t g g a a t  
t a t t c a g t t g  t g c c t g t t t a  t ca aga a t t t  
a a g a t g c t a c  a t gc t t t c g a  t t a t g g t a a t  
t g g c t c g a c g  g L g g t a t t c g  a a t t t c g g c c  
t a t c a c a a t a  a g t t a c a c g t  a t c g g a g c g c  
a c c g a a g c c a  a t g g t g a ct a t a t t a t t cg g  
c c t a a g a t t g  g c c g g t g g g t  c g g t t g g g t t  
a t g a a t a t gg a t a t gc c c a c  a t c g g a t g g t  
g t g c t c a a a c  a g g a a a a a a t  t a t t c c c t a g  
c c g t ca t a t a  a g cL g t a a a g  a t a t a t gg a c  
a a t gg c t c a t  a c t t a a t cg g  t t a ggcc t a a  
c c t g a g c a t t  a g c a t c a c a t  t c c t c a a c g t  
t g t t a t c t a a  a t g g t c a t g g  t c a c t c a a c a  
a g t a a a g g t g  a a t g c c g c t g  c ga t a a a g t g  
g g c t g c t a a a  g c g t t t g a c g  a a a a a g t c c a  
t g c g g c t c g a  a t a c a c c c c g  t a ga c c t t a a  
g c a c t a g c t g  gccg t t g g c g  a g t t c g g t t t  
c a a a g t c a t c  g a g g g c t a a c  t g c t t a ac c a  
g a a a g t t t a c  c a t gg t c t t g  cga g c a c c t t  
a t g t t cc t a g  c a g a a t a c c a  c t a t g a t c g c  
g t g c t t t t a a  a t a g c c a g g g  c t t gct a c c a  
c a a c a a g a t c  a g a gg a t t g c  a g t ggccc a t  
� �� � ���Jti� -LdL���� � ������c�a�a�c�c�t��a�t�c� �t �t �t� c � � t� a �a �ac t � a 
3 7 2 2- t g t a t ga t g g  :: gt t n : g a g  9 g c t cc a g t  g g c t t c t g t t  t c t a t ca g c t  g t c c c t c c t. g  
3 7 8 1  t t. c a g c t a c t  g a c gggg g g  t gc g t a a cg g  c a a a a g c a c c  g c c g g a c a t c  a g c g c t a t c t.  
3 8 4 1 c t g c t c t c a c  t g c c g t a a a a  c a t g g c a a c t  g c a g t t c a c t  t ac a c c g c t t  c t c a a c c c g g  
3 9 0 1  t a c g c a c c a g  a a a a t c a t t g  a t a t g g c c a t  g a a t g g c g t t  g g a t gc cg g g  c a a c c g c c c g  
3 9 6 1  c a t t a t g g g c  g t t:. g g c c t c a  a c a c g a t t t t  c c g c c a t t t a  a a a a a c t c a g  g c c g c a g t c g  
4 0 2 1  9 a a cc t cg c  g c a t a c a g c c  g g g c a g t g a c  g t c a t c g t c t  g c g c gg a a a t  g g a c g a a c a g  
4 0 8 1  t gg gg a t a c g  t c g g g gc t a a  a t c g c g c c a g  c g c t g g c t g t  t t t a cg c g t a  t ga c a g gc t c 
4 1 4 1  c g g a a g a c g g  t t gt t g c g c a  c g t a t t cg g t  g a a c g c a c t a  t g g c g a c g c t  ggggc g t c t t:.  
4 2 0 1 a t g a g c c t g c t gt ca cc c t t  t g a c g t g g t g  a t a t g g a t g a  c g g a t g g c t g  g c c g c t g t a t  
4 2 6 2. g a a t c c c g c c  t g a a gg g a a a  g c t g c a c g t a  a t c a g c a a g c  g a t a t a cg c a  g c ga a t t g a g  
4 2 1  c g g c a t a a c c  t g a a t ct g a g  g c a g c a c c t g  g c a c g g c t g g  g a c g g a a g t c  g c t g t c gt t c  
4 3 8 1  t c a a a a t c g g  t gg a g c t g c a  t g a c a a a g t c  a t c ggg c a t t  a t c t ga a c a t  a a a a ca c t a t  
4 4 4 1  c a a t a a g t t g  g a g t c a t t a c  c a a c g c a t g a  a t c c g c t a c a  g a g g t t a g c a  a t t a a t t c t t  
4 5 0 1  g g c t a a a a g a  g a c c gg a a t g  g c t a t c c g t a a t ga t c c t g a  t ac a t c a t ca t gg g t a c t c t  
4 5 6 1  c g a t a a c a g c  c t t gg c c g c t  t cc a c c t c a t  t g c g a a t g g a  a t c a c a gt gt t ga t a a a a g a  
4 6 2 1  g t g c c c c g a c  t t g g g t a a g a  c t c a g g t t a c  g g g t:. g t c g c g  t t gt a a c a a t  c g c a c g c c t a  
4 6 8 1  g t t g t:. t c t t c  a ag c t g c g c g  a t t t t gc g a c  t t a t gg t g g a  t t t t g g g t gg c c g g t t t c a c  
4 7 4 1  g t gc a g c t t g  g g a g a a t c cc t t t g c t c t c a  c t a c g g c t g c  a a a t a g c a t c  a t a c cg t t t a  
4 8 0 1  a a t c t g g c a t  g t t:. t t t:. c c c a  c t g t c t c a t a  t t t g g a a c a t  a g c g t c t t a t  g c a g t t t a a t  
4 8 6 1 g g c a t t t g g c  g g ga t a a c a a  a g t t a t a t t t  a t t g g c t a a a  a a t t t t ca g a  g g c t a a ag c a  
4 9 2 1  g a g ga t c t t t  t g a t g a c c a g  c a a t a a t c a g  c c c a a a c a c a  t ga c t c a a gc c c a a a c g c c c  
4 9 8 1  g a t c c g c t t t  t. t t t a c a g g c  c g a g c a c t g a  a g a a  c c c c t  g a t ga t t t a c a a a t a a a t c a  
5 0 4 1 t c a a a t t a g g  g t g g a a g c g c  a t c t t g t:. t g c  a t g a t c a a a t  g g t t t c g c c a  a a a a c t a c a c  
5 1 0 1  t t g g a c a a c a  a g a t. g c g c g a  a g c c a a t a t. c  c t a c a a c a t t  c t t t a c a cc a  a t a c t g c c c a  
5 1 6 1 g a a c t t c a c c  t a a a ac g a t t  a a a c a g c t :: g  a t g c t g g c c t  c t a a g g c g c t  g a t t g a a t g t  
5 2 2 �  a a g a c a c t g a  c c t t g a c t g a  g t t a gg t c g a  a a t t t a c c a a  c c a c g g c c c g  a a c c a a g c a c  
5 2 8 1  a a c a t c a a g c  g c a t t. g a t c g  t t t g c c g g c  a a c a c g c a t c  t g c a t c a a g a  a c g g t t a g c t  
5 3 4 1 g t c t a c c a a t  g g c a t g c c a g  c c t c a t ct g t  t ct g g t a a cc c t a t g c c g a t  t g t g c t c g t c  
5 4 0 � g a t t g g t c a g  a c a t: c c g a g a  g c a t a a a c g c  a t c a t g g c t c  t gc g c g c c t c  a a t a gc c t t c  
5 4 6 1  a a t gg c c g c t  c t a t t a c c c t  g t a t ga g a a g  t c c t a t cc c c  t a t: c a g a a c a  a t g c t c t a a g  
5 5 2 : g c c t c c c a c a  a c gg t. t t t t t:.  a g c g g a c t t:. a  g c c a a g a t t t  t a c c t t t gc a  t g t t a cc c c t  
5 5 8 1  c t c a t c g t g a  c t g a c g c g g g  g t t c a a a g t g  c c t t g g t a c a  a a g a g g t t g a  g g c g c a t g g t  
5 6 4 1  t: gg t t t t g g c  t: a a g c c g t a t  t c g c g g t a c a  g t t c a a t t t g  c a g a t a t t g g c g c t g a a a a t  
5 7 0 1  t g g c g t g c a g  t t c g a a g t a c  a c a t g a c t t g  g c c a a c g g t c  a a g c g a a g a g  c c t g g g t t g t  
5 7 6 2. a a g a c t t: t g a  c c a a a a c t a a  c c c t a t ca a t  t g c c a t c t c a  c g c t t t a t c g t a g c a a a c c t  
5 8 2 1  a a gg g g c g t a  c a a a t ca g c g  t t c a ac g a g g a c t a a t t g c c  a c c a t c c a t c  g g c a a a a a c g  
5 8 8 1  t ac "C c a a c a t  c g g c g a a a g a  g c c t "C g g g t g  t t: a g c c a g c a  a t t t a c c a c c  a g a a t c t c g g  
5 9 4 1  a g cc c a a a g c  a g c t g g t: a a a  c c t g t a cg c c  a a a c g t a t g c  a a a t a g a g g a  a a c c t t t c g t  
6 0 0 1  g a c c t: c a a a a  g c c c gg c a t a  c g g c t t: t g g c  t t: a c g c c a a a  g t c g t a c c a a  c a g t cc a g a g  
6 0 6 1  c g a t t c g a c a  t:. c a t c c t: a ct g a t:. a g c g t t g  a t g g t t:. c a a t  g c c t g t t g t g  g c t a g t: t gg 
6 1 2 1  t t 2 c a c g c a c  a g c a a ca g g g  c t g g g a t a a g  c a t: t t t c a g g  c c a a t a c c a t  t g g g c a t c g a  
6 2. 8 1  a cg g t a c t c t  c a a c g a t: t c g  c t t gg g a t  
S 
N I T I ON 
S S I ON 
I ON 
OROS 
CE 
G.lI.N I SM 
RENCE 
O��BC 1 0 9  2 8 6 5 bp DNA l i n e a r  
OXA- 1 8 1  a n d  g e ne t i c  s u r ro u n d i ng part l a 1  s e qu e n c e . 
K l eb s i e l l a  p n e umon i a e  
K l eb s i e l l a  p n e umo n i a e  
U n c l a s s i f i e d . 
1 ( b a s e s  1 t o  2 8 6 5 )  
1 8 -APR - 2 0 1 5  
T HORS S on n e v e n d , A . M . , AI - Ba l o u s h i , A . E . ,  Gh a z a wi , A . A . and P a l , T . 
TLE C h a ra c t e r i z a t i on of lJ DM and OY� c o - p rodu c e r  K l ebs i e l l a  p n e umo n i a e 
i s o l a  e d  i n  t h e  Arab i a n  P e n i n s u l a  
U RNAL U n p ub l i s h e d  
RENCE 2 ( b a s e s  1 to 2 8 6 5 )  
TEORS S o n n e v e n d , A . M . ,  A l - B a l o u s h i , A . E . ,  Gha z a w i , A . A . and P a l , T .  
D i r e c t  S ubmi s s i on 
S ubmi t t e d  ( 1 8 -APR - 2 0 1 5 ) M e d i c a l  Mi c r ob i o l o g y  a n d  Immun o l o g y , U n i t e d  
A r a b  Emi r a t e s  U n i ve r s i t y ,  T awam s t r e e t  1 ,  A l  A i n  1 7 6 6 6 ,  U n i t e d  A r a b  
Emi r a t e s  
# #A s s ernb l y - Da t a - S TAR T # #  
A s s emb l y  M e t h o d  C l on e  M a n a ge r v .  9 
S e qu e n c i ng T e c hn o l o g y  : :  S a n g e r  d i deoxy s e q u e n c i n g 
# #A s s ernb l y - D a t a - E N D ti # 
L oc a t i on / Qu a l i f i e r s 
s o u r c e  1 . .  2 8 6 5 
g e n e  
CDS 
g e n e  
C D S  
COUNT 
[N 
1 
6 1  
1 2 1  
1 8 1  
2 4 1  
3 0 1  
3 6 1  
4 2 1  
4 8 1  
5 4 1  
6 0 1  
6 6 1  
7 2 1  
7 8 1  
8 4 1  
9 0 1  
/ o rgan i sm= " Kl eb s i e l 1 a  p n e umon i a e " 
/ m o l  t yp e = " g e nomi c DNA " 
/ s t rai n= " OMABC 1 0 9 "  
/ c o u n t r y= " Oman " 
9 3  . .  1 3 5 5  
/ g e n e = " t npA " 
9 3  . .  1 3 5 5  
I g e n e = " t npA " 
/ c odon s t a r t = 1  
I p r o d u c t = " t ra n s p o s a s e " 
/ t r a n s l a t i on = " M I N KI D FKAKN L T S NAGL FL LLENAKSNGI F D F I ENDLVFDNDS 
TNKI KMN H I KTMLCGH F I G I DKLERLKLLQN D P LVN E F D I SVKE PETVSR FLGN FNFK 
�TQMFR D I N FKV FKK L L T K S K LTS I T I DI D S S V I NVEGHQEGAS KGY N P KKLGNRCYN 
� Q FAFCDE LKAYVTG FVRSGNTYTAN GAAE M I KE I VAN I KS DDLE I L FRMDSG Y FDEK 
I I E T I E S LGCKY L l KAK S Y S TL T S  ATNS S I V FVKG E E GR E T TE LYTKLVKWEKDRRF 
VVS RVLKPEKERAQ L S L L E G S E Y D Y F F FVTN T T L L S E KVV I Y Y E KRGNAE N Y I KEAKY 
DMAVGH L L LKS FWAN EAV F Ml'1MLS YNLFLLFKFDS L D S S EYRQQ I K T FRLKYV FLAA 
K I I KTARY V I M K L S E N Y PYKGVYE KCLV " 
1 6 9 1  . .  2 4 8 8  
I g e n e = " b l aOXA - 1 8 1 "  
1 6 9 1 . . 2 4 8 8  
/ g e n e = " bl aOXA - 1 8 l " 
/ cadon s t a r t = l  
/ p r o d uct = " c l a s s  0 b e t a  l a c t ama s e " 
/ t ra n s l a t i an = " MRVLALSAV FLVAS I I GMPAVAKEWQENKSWNAH FTEHKS QGVV 
VLWNENKQQG FTNNLKRANQA FL PA S T FK I PN S L I AL DLGVVKDEHQV FKW DGQ T R D I  
��WNRDH DLI TAMKYSVV PVYQE FARQ I GEARM S KMLHAFDYGN E D I SGNVDS FWLDG 
G I R I SATQQ I A F L RKLYHNKLHVSERSQRI VKQAMLTEANGDY I I RAKTGYS T R I E P K  
I GWWVGWVE L D DNVW F FAMNMDM PTS DGLGLRQA I T KEVLKQEK I I P "  
9 4 9 a 4 7 8  c 6 1 6  9 8 2 2  t 
a a a g t g c t c a a a a a t a t g t t  a a a t t a t c a g  c t t t t at g ac t cg a t a t a t g  g t a a a a t a a t  
a g t a a ga a a a  g t a g t a a a a a  g g g g l: t c t a a  t t a t g a t t a a  t a a a a t t ga t  t t ca a ag c t a  
a g a a t c t a a c  a t c a a a t gca g gt c t t t t t c  t g c t c c t t g a  g a a t gc a a a a  a g c a a t g g g a  
t t t t l: g a t t t  t a t t ga a a a t  g a c c t c g t a t  t t g a t a a t ga c t c a a c a a a t  a a a a t c a a g a  
t g a a t c a t a t  a a a g a c c a t g  c t c t g c g g t c  a c t t c a t t g g  c a t t g a t a a g  t t a g a a c g t c  
t a a a gc 'c. a c t  t c a a a a t g a t  c c cc t c g t ca a c g a g t t t g a  t a t t t cc g t a  a a a g a a c c t g  
a a a c a g t g t c  a c g g t t t c t a  g g a a a c t t c a  a c t t ca a g a c  a a c c c a a a t g  t t t a g a g a c a  
t t a a t t t t a a a g t c t t t a a a  a a a c t g c t c a  c t a a a a g t a a  a t t ga c a t cc a t t a c g a t t g  
a t a t t g a t a g  t a g t g t a a t t  a a c g t a g a a g  g t c a t ca ag a  a g g t g c g t c a  a a a g g a t a t a  
a t cc t a a g a a  a c t gg g a a a c  c g a t g c t a ca a t a t c c a a t t  t g c a t t t t gc gacg a a t t a a  
a ag c a t a t g t  t a ccggat t t  g t aa g a a g t g  gc a a t a c t t a  c a c t gc a a a c  ggt g c t g c g g  
a a a t g a t ca a  a g a a a t t g t t  g c t a a c a t c a  a a t c a g a c g a  t t t a g a a a t t  t t a t t t c g a a  
t g g a t a g t g g c t a c t t t ga t  g a a a a a a t t a  t c g a a a c g a t  a g a a t c t c t t  g g a t g c a a a t  
a t t t a a t t a a  a g c c a a a a g t  t a t t c t a c a c  t c a c c t c a c a  a g c a a c g a a t  t c a t c a a t t g  
t a t t c g t t a a  a g g a g a a g a a  g g t a g a g a a a  ct a c a g a a c t  g t at a c a a a a  t t a g t t a a a t  
g g g a a a a a g a  c a g a a g a t t t  g t cg t a t c t c  g c g t a c t g a a  a c c a g a a a a a  g a a a g a gc a c  
t a a t a c t a c c t  
1 0 6 1  a a g a a g c c a a  a t a c g a c a t g  g c g g  g g g t c  a t c t c t  gct a a a g t ca t t t  t g ggc g a a t g 
1 1 4 :  a a gc c g  g t t  t c aa a t g a 1: g  a t g c t t t c a t  a t a a c c t a t t  t t t g t t g t t c  a a g t t t g a t t 
1 2 0 1  c c t t g g a c t c  t t c a g a a t a c  a g a c a g c a a a  t a a a g a c c t t  t c g t t t g a a g  t a t g  a t t t c  
1 2 6 1  t t gc a gc a a a  a a t a a t c a a a  a c c g c a a g a t  a t g t a a t c a t  g a a g t t g t c g g a a a a c t a t c  
1 3 2 :  c g t a ca a g g g  a g t g t a "C g a a  a a a t g t c t g g  t a t a a t a a ga a "C a t c a "C c a a  t a a a a t "C g a g  
1 3 8 1  t g t t gc "C c t g  t gg a t a a c t t  g c a g a g t t t a  t t a a g t a t ca t t gc a g c a a a  g a t ga a a t c a  
1 4 4 1  a "C g a t t t a t c  a a a a a t g a t t  g a a a g g t g g t  t g t a a a t a a t  g t t a c a a t g t  g t g a g a a g c a  
1 5 0 1  g t c t a a a t t c  "C t c g t ga a a t  a g t g a t t t t t  g a a gct a a t a  a a a a a c a c a c  g "C g ga a t t t a  
1 5 6 1  g g  a a t a g t t  a a a g c t t g t g  cct g a t t g t t  g c c a c a a t t g  g t c a g c a g t t  t g c t a g gg a a  
1 6 2 1  t g a g a g g g c a  g a g a a t g a t a  a g c t t a g c a c  t t a a t t t g t a  t gg a t a t a t t  g c a t t a a g c a  
1 6 8 1  a g g g g a c g t t  a t g c g t g t a t  t a g c c t t a t c  g g c t g t g t t t  t t g g t g g c a t  c g a t t a t c g g  
1 7 4 1  a a t g c c a gc g  g t a g c a a a g g  a a t g g c a a g a  a a a c a a a a g t t g g a a t g c t c  ac t t act g a  
1 8 0 1  a c a t a a a t c a  c a g g g c g t a g  t t gt g c t c t g  g a a t ga g a a t  a a g c a g c a a g  g a t t t a c c a a  
1 8 6 1 1: a a t c t t a a a  c g g g c g a a c c  a a g ca t t t t t  a c c c g c a t c t  a c c t t t a a a a  t "C cc c a a t a g  
1 9 2 1  c t t g a t cg c c  c "C c g a t t t g g  g c g t ggt t a a  g g a t g a a c a c  c a ag t c t t t a  a g t g g ga t g g  
1 9 8 1  a c a g a c g c g t  g a t a t c gccg ct t g g a a t c g t ga c c a t g a c  t t a a t t a c c g  c g a t g a a g t a 
2 0 4 1 c t ca g t t gt g  c c "C g t t t a t c  a a g a a t t t g c  c c g cc a a a t t  g g t g a g g c a c  g t a t g a g t a a  
2 1 0 1  a a t gc t g c a c  g c c t t c g a t t  a t g g c a a t g a  g ga "C a t c t c g  ggc a a t g t a g  a c a g t t t t t g  
2 1 6 1  g c t c g a t gg t  g g t a t t cgca t t t c g g c t a c  c ca g c a a a t c  gc t t t t t t a c  g c a a g ct g t a  
2 2 2 :  c a c a a c a a g  c t gc a c g t t t  c t ga g c g t a g  t c a gc g c a t c  g t ga a a c a ag c c a t g c t g a c  
2 2 8 1  c g a a g c c a a t  g gc g a c t a t a  t t a t t c gggc t a a a a cggga t a c t c g a c "C a g a a t cg a a c c  
2 3 4 1  t a a g a t t g gc t g g t g gg t t g  g t t gggt t g a  a c t t g a t ga t  a a t g t g t g g t  t "C t t t gc g a t  
2 4 0 1  g a a t a t gg a t  a t gc c c a c a t  c g g a t g g t t t  a g ggct gcgc c a a g c c a t c a c a a a a g a a gt 
2 4 6 l  g c t c a a a c a g  g a ga a a a t t a  t t cc c t. a g a a  g t g g t t a gcg c g t a t t t g t g  t g a a a t a g c c  
2 5 2 1  g "C c a "C a t a a g  c t g t a a a g a t  a t a t g g a c a a  a a t gc t g a t g  c t c g a t g cgc t t g t a g t t a a  
2 5 8 1  t gg c t c a 1: a c  t t. a a t c g g "C c  a gg c c t a a t c  g a c t t a a gc t  c cgcg cgt t a  a c t t t c a g c c  
2 6 4 :  t g a g c a t 1: a g  c a t c a c a t t c  c t a aa c g t a a  a a a gc c t a gc c a a t t t g c t a  ggct t t t t t g  
2 7 0 1  t t a t c t c a a t  g g c c a t g g t c  a c t c a a c a t g  g g gg t gt g a a  t a a a g g a g t g  g c g a t g t c a g  
2 7 6 1  t a a a gg t g a a  t gc c g c t g c g  a "C a a a g t g c c  t a g c c ca t ca a g ga t t g t a g  g c t t t c t t g g  
2 8 2 1  c t g c t a a a gc g 1: t t ga c g a a  a a a g t c c a a g  a a g gc g c t g a  t a "C t g  
JS 
= lt I T I O �  
� S S I C:� 
) J ON 
'OR DS 
�CE 
GAN I SM 
:RE 'CE 
lTHORS 
' TLE 
lURNA:!..  
:RENCE 
I T HORS 
TLE 
IURNAL 
lENT 
UR.c:S 
s ou r c e  
g e n e  
C DS 
g e n e  
C u S  
g e n e  
CDS 
g e n e  
C DS 
pAB C l 2 0 - 0XA 6 1 4 1  bp 
c o l E  p l a s m i d  c omp l e t e  s e q u e n c e . 
K l e b s i e l l a  p n e umon i a e  
K l e b s  e l l a  p n e umo n i a e  
U n c l a s s i f i e d . 
1 ( ba s e s  1 �o 6 1 4 1 )  
DNA l i ne a r  2 3 -MAR - 2 0 1 5  
S o nn e ve nd , A . M . , Al - B a l o u s h i , A . E . ,  Gha z awi , A . A . a n d  P al , T .  
C h a r a c t e r i z a t l on o f  N OM a n d  OXA co - produ c e r  K l e b s i e l l a  p n e umo n i a e  
l s o l a t e d  i n  t h e  A r ab i an P e n i n s u l a  
Unpub l i s he d  
2 ( ba s e s  1 t o  6 1 4 1 )  
S on n e v e n d , A . M . , Al - B a l o u s h i , A . E . , Gh a z awi , A . A .  a n d  P a l , T .  
D i r e ct S ubmi s s i o n  
S ubmi t t e d  ( 2 3 - MAR - 2 0 l 5 )  M e d i c a l  M i c r obi ol o g y  a n d  I mmun o l o g y ,  U n i t e d  
Arab Emi r at e s  U n i v e r s i t y ,  Ta wam s t r e e t  1 ,  A l  A i n  1 7 6 6 6 ,  U n i t ed Arab 
Emi r a t e s  
# # A s s emb l y - Da t a - S TART # #  
.I\ s s emb l y  I'1e t h o d  C l on e  M a n a g e r v . 9 
S e qu e n c i ng T e chnol ogy : :  S an ge r  d i deoxy s e qu e n c i n g  
tr #As s emb l y- Da t a - E N D  # 
L oc a t i on / Q u a l i f i e r s  
1 .  . 6 1 4 1  
l o r g a n i sm= " Kl eb s i e l l a  p n e umon i a e " 
I mo l _ t yp e = " g e nomi c DNA " 
I s t. ra i n = " ABC I 2 0 " 
I p l a sm i d = " pOXAI 2 0 - 0XA " 
I c o u n t r y = " Un i t ed A r ab Emi r a t e s "  
1 .  . 3 3 9  
I g e n e = " mobC " 
1 .  . 3 3 9  
I g e n e = " mobC " 
I codon s � a r t = 1  
I p r o duct = " mob i l i z a t i o n p r o t e i n  C "  
I t ra n s l a t i o n = " MAGQPLKRLRS I K I RV S DAE L E R L R E L C PKAQLAEvmREQC LGV 
A PQRRTPAPTVDPALLRQLAGMGNNLNQIARRVN S G EW G P L D RL R I IAELSAI GREL 
E E LH H D HQ I P "  
3 2 0  . .  1 7 7 4  
I ge n e = " mobA " 
3 2 0  . .  1 7 7 4  
I g e n e = " mobA " 
I c odon s t a r t = 1  
I pr o duct = " mob i l i z a t i o n p r ot e i n  A "  
I t ra n s l a t i on = " M I I K FHNRGVGRGSGPVGYLLGRDGNREGATLDRGN PAV I EALI 
D S S PYAKKY T S GV L S FAEADL PRATKDKLM S D FEKALLPGLEGNQYAVLWVE H RDKGR 
:!...E L N FVVPN I E LQSGKRLQPY FHKADN PRLDAWRTVVN G E LK L H D P D DPLNRQAV I T F  
KDLPRGHKEAAQA I T DGLLRMAGAGE I Q S R DDVRKALQGAGFSVVR E T KN S LS I A D P D  
GGRN I RLKGVLYEQDFRHGEGLRAE LEAAGQRYREAS DRR I H EAR E S YLRGVE I KRGE 
1 E R RY C RAQPENGLAVAQNVDLDAGQHRPVLERN E RD P LV S G G I DS GAAS H S PS LGRE 
G RQAKADPVR E E I GAPLRADLRPQSNRLGEGY LLDRAEGVLN DG I GAG IALRVRGFAE 
R I �AAQGMAGKLR E L G E HVREHQTRGRDQQGS S RA I DEAG E R LNAASGRLEQAAGGL 
DRASQQVAKER E H R LLKALDRGWE RGDRSRG FER " 
1 0 0 8  . .  1 4 4 5  
I ge n e = " mobB " 
1 0 0 8  . .  1 4 4 5  
I g e n e = " mobB " 
I co d o n  s t a r t = 1  
Ip r oduct = "mob i l i z a t i on p r o t e i n  B "  
I t r a n s l a t i on = " MS K I L DMAKDFEQSS KQQANAI EK R L T E E FTRHEKA I SGALKS S  
E E KMSAA I AE H S QKMGWLLLKTW I WM LV S I VL FLSAT S G I LWYQGE L I AE RQATLQAL 
AEKGGKLKLTQCGKKLE H LCVQ I S D PN PTVWGKD T Y W IVPKGY " 
1 4 4 6  . .  1 7 l 8  
I ge n e = "mob D " 
1 4 4 6  . .  1 7 1 8  
I ge n e = " mobD " 
I codon s t a r t = l  
Ip roduct = " mobi l i z a t i on p r o t e i n  0 "  
I t r a n s l a t i on = " MT G L E R E LLCAFEALQSAYEQQHKAWQES YAN LASMYESTKQEA 
E I S RAAAE RLTRQVNGLTQQVDGLSKQLEGLTGLVS KLQKKGNTGS " 
mobi l e  e l em e n t  2 3 4 6  . .  2 5 5 2  
Irnnhi l p  p l prne n t  t vo e = " i n s e r t i o n  s e Qu e n c e : d e l t a - I S E cp l " 
CDS 
I g e n e = " b 1 aOXA - 2 3 2 " 
2 6 8 1  . .  3 4 7 8  
I g e n e = " b l aOXA- 2 3 2 " 
I codon s t a r t = l  
I p r oduct = " c l a s s - D be t a  1 a c t ama s e "  
I t r a n s 1 a t i o n = " MRVLALSAVFLVAS I I GMPAVAKEWQENKSWNAH FTEH K S QGW 
VLWNE KQQ G F T N N LKRAN AFLPAS T FK I P N S L I A L OLGVVKDEH VFKWDG T R O I  
AAW N R O H D L I TAMKYSVV PVYQ E FAR Q I GEARMS KMLHAFDYGN E D I S GNVDS FWLDG 
G I R I SATQ I AFLRKLY HNKLHVS E R S Q R I VKQAMLTEAN G DY l l RAKTGYS T S I E P K  
m i s c  f e a t u r e 
I GlriJl'JVGltJV E L DONVlriJ F F,Z\MNMDMPT S DGLGLRQAI TKEVLKQEKI I P "  
c omp 1 em e n t ( 3 7 8 0  . . 3 8 5 7 ) 
Ip r odu c t = " s l mi l a r  t o  de 1 t a - L y s R " 
mi s c  f e a t u r e 
I f u n c t i o n = " s i mi 1 a r to t ra n s c r i p L i on r e g u l a t o r  l y s R "  
c omp l eme n t  ( 3 8 8 5  . .  4 0 3 4 ) 
g e n e  
CDS 
I p r o d u c t = " s i mi l a r  t o  del t a - e r e A "  
I fu n c t i on = " s im i l a r  t o  e r y t h romyc i n e  e s t e r a s e " 
4 4 1 3  . .  5 3 6 0  
I g e n e = " r epA " 
4 4 1 3  . .  5 3 6 0  
I g e n e = " r epA " 
I c odon s t a r t = l  
Ip r od u c t = " C o l E - l i ke r ep l i c a s e " 
I t !" a n s l a t i on = " MRKCA L E L FRERL PRK PYYS O E LTTGLRI ADVARALGA R Y I Q P  
,1 G P TH R Hhl I V F DV O HAAAT:'SI"iDDVGAPAP N I TVTNKAN GHAHL I YGLDT P I R TA P DG 
' AAPLRY AAA I EAALRE KLGA DMGY S G L I  C KN P L H E H W L  VQVWE PRL YDLJI,W L S  OYLD 
L S S YNGRKS L P E YGLGRNCTLFE KTRLWAYKAI RQGWP DY PEWLAACVDRASGYNAQ F  
E Q P L PANEVRHTAK S I AKWTHQHLS PAG FRE EQARRGAKGGKVSKGGGRP S N S GKOKS 
DL L PEVLR LKAQGY T N R D I ADDLQ I S PS TVSVY LK R O R P " 
COU. : 1 5 2 4  a 1 4 9 4 c 1 7 1 1  9 1 4 1 2  t 
1 a t g g c t ggcc a g c cg t t a a a  
t gcgggagct 
t t g c g c a a c c  
t gg c c g g a a t  
g g c c g t t gga 
a a ct g c a c c a  
g g c t a c t t g t  
gcgg t g a t t g  
c t gt cgt t t g  
g a a a a g gcgc 
6 1  
1 2 1  
1 8 1  
2 � 1  
3 0 1  
3 6 :  
4 2 1  
4 8 1  
5 4 1  
6 0 1  
6 6 1  
7 2 1  
7 8 1  
8 4 1  
9 0 1  
9 6 1  
1 0 2 1  
=- 0 8 :  
2. H l  
1 2 0 1  
1 2 6 1  
1 3 2 1  
1 3 8 1  
1 4 4 1  
1 5 0 1  
1 5 6 1  
1 6 2 1  
1 6 8 1  
1 7 4 1  
1 8 0 1  
1 8 6 1  
1 9 2 1  
1 9 8 1  
2 0 4 1  
2 1 0 1  
2 1 6 1 
2 2 2 1  
2 2 8 1  
2 3 4 1  
2 4 0 1  
2 4 6 1 
c t t g a gc g c c  
t gt C t c g g t g  
t t gc g g c a g t  
g g g g a g t g g g  
g a g c t gg a g g  
c g g g c c t g t t  
g g g c a a ccct 
c t c t g gc g t t  
g a g c g a c t t  
g g L a g a g c a c  c gc g a c a a g g  
g c a g a g c g g g  a a g c g g c t g c  
g t g g c g a a c c  g t g g t a a a c g  
t c ag g c c g t t  a t c ac g c c a a  
t a c a g a cg g g  c t t t t a c gca 
c a a a g c c t t g  c ag g g t g c g g  
t gc c g a c c c g  g a c g g g g g g c  
t ag a ca t gg c  g a a gg a c t t c  
g t c t g a cc g a  a g a a t t c a c g  
a gg a g a a a a t  g a g c gc cg C t  
a a a cg t gg a t  c t g g a t g c t g  
t c t g g t a t c a  g g g g g a a t t g  
a g g gc g g c a a  g c t a a a g c t g  
t c t c c g a c c c  c a a t cc a a c c  
a c t a a a t g a c  g g g a t t gg a g  
a c g a g c a g c a  g c a c a a g g c a  
g c a c c a a a c a  a g a g g c c g a g  
a c g g c t t a a c  g c a g c a a g t g  
t c a gc a a g t t  g c a a a a g a a a  
g c g t g g a g a c  a g a t cg c g a g  
a a a a a g g a a a  g t g c t a t c a c  
g c c a t t t t t c  a t a g t a g t a a  
c a t a c t c a g g  g c t a t t t t t g  
c t t c t a t g g a  a g c L a g c g c a  
g a a a t g t g c g  t t c a g c t a g t  
g t c t g c c c a t  g c g g c a g a c t  
g t t g a g a a c t  t t g t t g c t c g 
a t g a g c t a g g  t t a a c a a c t c  
a g c c c c a a a a  
c c c c c t a aga 
t t a a g t a t ca 
g t a a a t a a t  
g c a t ca g a c a  
a t a t c a t c a a  
t t g c a g c a a a  
g t t a c a a t g t  
g c g c c t ccgc t c t a t ca a ga t c c g g g t c t c  a g a t g c g g a g  
c t g c c c c a a g  g c c c a a c t g g  c g g a g t g g a t  g c g g g a g c a a  
c c a g cgccga acgccggcgc c t a c c g t aga t c cggcg c t c  
g g g c a a c a a c  c t g a a cc a g a  t c g c ccggcg c g t t a a t t c c  
l: cg g c t g c g c  a t c a t a g c g g  a g c t g t ccgc t a t a g g c c g c  
t g a t c a t c a a  a t t cc a t a a c  c g t g g g g t ag gccgg g g c t c  
t g g g c c g t g a  c g g g a a c c g g  g a a g g c g c a a  c g c t c g a c c g  
a a g c c c t g a t  t ga t t cc a g t  c c c t a c g c c a  a a a a a t a c a c  
c c g a g g c t g a  t t t a c c c a g g  g c g a c c a a gg a c a agct g a t  
t c c t gcccgg a c t g g a gggc a a cc a g t a c g  c t gt t t t g t g  
g g c g g c t g g a  g c t g a a t t t t  g t a g t c c c g a  a c a t c g a a t t  
a ac c c t a c t t  c c a c a a g g c c  g a c a a t ccgc gcct cga t g c  
g g g a gc t g a a  a t t g c a c g a c  c c g g a c g a t c  c g t t a a a c c g  
a g g a t t t g cc g a g g g g g c a c  a a g g a gg c c g  c t c a g g c c a t  
t gg c cg g a g c  a g g g g a g a t c  c a g a g ccgcg a t g a t gt gc g  
g t t t c a gcgt g g t a c g c g a a  a c c a a a a a c a  g c c t g a g c a t  
g g a a c a t ccg a t t a a a gggg g t g c t g t a t g  a gcaa g a t t t  
g a g c a g a g c t  c g a a g c a g c a  g g c c a a c g c t  a t c g a g a a g c  
a g g c a c g a g a  a a gc t a t c t c  c g g g g c g t t g  a a a t c a a g c g  
a t t g c c g agc a c a g c c a g a a  a a t g g g c t g g  C t g t t g c t c a  
g t c a g c a t c g  t c c t g t t c t t  g a g c g c a a cg a g cggga t c c  
a t a g c g g a g c  ggcaagccac t c t c c a a g c c  t t gg c a g a g a  
a c c c a g t gc g  gg a a g a a a t t  g g a g c a c c t t  t g c g t g c a g a  
g t t t ggggga a g g a t a c c t a  L t gg a t c g t g  c c g a a g g g g t  
c g g g a a t t g c t c t g c g c g t t  c g a g g c t t t g  c a g a gcgca t 
t g g c a g g a a a  g c t a c g c g a a  c t t g gc g a g c  a t g t a c g a g a  
a t c a g c aggg c a g c a g c a g a  g c g a t t g a c g  a gg c a g g t g a  
g a c g g c t t ga g c a a g c a g c t  g g a g g g c t t g  acc gggc t a g  
g g g a a c a ca g  gct c c t g a ag g c a c t g g a t c  g a g g c t g g g a  
g c t t t g a g c g  t t g a c g g a a c  a a a a c ggccg t c a g t t a t a a  
t t t c c t t t t a  t cggcgggaa t t a t c g t t g a  g t t c t t c t a t  
c t g t a a t c t t  c a t c t c t a cc a c c a g a t L c a  a t c c a g t c a t  
a a a  c t ga a t  c a g a c a t gct a a c t c c t t g t  t a t t a g t t g g  
c c g t g a a g t t  at g a t c a a c g  a t g t a g t c c a  c a t c a t t g t c  
c t t c gg t g t t  t t c t gc t t t a  t t t c t a gcgg c g a t t c t c g c  
t t t t a g c c t g  t t ct cg t t g t t c t t c g g t t g  a a g a c t c g c t  
t t t g t t t g ac c a c c g a a t c c  a a a c c t g t t g  t t g c t g c a a a  
c c t t a c c t a a  c a a c t t ggca c t a gc g a t t g  c g g t t t c t t t  
c c t c c t c a a g  cgc t t t a ga t  a g g t t a a a a a  a t c c c a t a c t  
t a a a a t t g ag t g t t gct c t g  t gg a t a a c t t  gcaga g t t t a  
g a t ga a a t c a  a t g a t t t a t c  a a a a a t g a t t  g a aa g g t g g t  
g t g a g a a g c a  g t c t a a a t t c  t t c g t g a a a t  a g t g a t t t t t  
������� � . t a  c c t qa t t q t t  
2 6 4 :. t t. a a  t t. g t. a  t. g g a t a t a t t  g ca t t a a g c a  a g g g g a c g t t a t gc g t. g t a t.  t a gcct t a t c  
2 7 0 1  g g c t g t. g t t t  t. t. g g t g g c a t  c ga t t a t cg g  a a t g c c a gc g  gt a g c a a a g g  a a t ggc a a g a  
2 7 6 1  a a ac a a a a g t  t gg a a t. g c t c  a c t t t a c t ga a c a t a a a t c a  c a g g g c g t a g  t t g t. g c t c t g 
2 8 2 1  g a a t g a g a a t  a a g c a g c a a g  g a t t t a c c a a  t a a t c t t a a a  c g g g c g a a c c  a a g c a t t t t t  
2 8 8 1  a c c c g c a t c t  a c c t t t a a a a  t t c c c a a t a g  c t t g a t c g c c  c t c ga t t t gg g c g t gg t t a a  
2 9 4 1  g g a  g a a c a c  c a a g t c t t t a  a g t g g g a t g g  a c a g a c g c g t  g a t a t cg c c g  c t t g g a a t c g  
3 0 0 1  t ga c c a  g a c  t t a a t. t ac c g  c g a t ga a g t a  c t c a g t t g t g  c c t g t t t a t c  a a g a a t t t g c  
3 0 6 1  c c g c c a a a t t  g g t g a g g c a c  g t a t g a g t a a  a a t gc t gc a c  g c c t t c g a t. t  a t g g c a a t g a  
3 1 2 1  g g a t a t c t c g  g g c a a t g t a g  a c a g t t t t t g  g c t c g a t g g t  ggt. a t t c g c a  t t t c g gc t a c  
3 1 8 1  c c a g c a a a t c  g c t t t. t t t a c  g c a a g c t g t a  t c a c a a c a a g  c t gc a c g t t. t  c t g a gc g t a g  
3 2 4 1  t c a g c gc a t c  g t g a a a c a a g  c c a t g c t g a c  c g a a g c c a a t  g g c g a c t a t a  t t a t t c g g g c  
3 3 0 1  t a a a a cg g g a  t a c t c g a c t a  g t a t c g a a c c  t a a g a t t gg c  t. g g t g g g t. t g  g t t gg g t t g a  
3 3 6 1  a c t. t g a t ga t  a a t. g  g t. g g t  t t t t t g c g a t  g a a t a t gg a t  a t g c c c a c a t  c g g a t g gt t t  
3 4 2 1  a g g g c t g c g c  c a a gc c a t c a  c a a a a ga a g t  g c t c a a a c a g  g a ga a a a t t a  t t cc c t a g a a 
3 4 8 1  g t g g t t a g c g  c g t a t t t g t g  t g a a a t ag c c  g t c a t a t a a g  c t g t a a a g a t  a t a t g g a c a a  
3 5 4 1 a a t g c t g a t g  c t c g a t g c gc t t g t a g t t a a  t gg c t c a t a c  t t a a t c g g t c  a g g c c t a a t c  
3 6 0 1  g a c t t a a g c t  c c g c gc g t t a  a c t t t c a g c c  t ga g c a t t a g  c a t c a c a t t c  c t a a a c g t a a 
3 6 6 1  a a a g c c t a g c  c a a t t t g c t a  g g c t t t t t t g  t. t. a t c t ca a t  g g c c a t g g t c  a c t c a a ca t g  
3 7 2 1  g g g g t g t g a a  t a a a g g a g t g  g c g a t g t c a g  t a a a g g t g a a  t gc c g c t gcg a t. a a a g t g c c  
3 7 8 l  t a gc c c a t c a  a g g a t t g t a g  g c t t t c t t g g  c t g c t a a a g c  g t t t ga c g a a  a a a g t c c a a g  
3 8 � 1  a a gg c g c t g a  t a t t gg t t. c t c ca t. c a t t. t t  c a t c t a c c g g  t t t a c t a t a g  g t c a a c c a g g  
3 9 0 1  c c g t c c t t gc c g g c gc t t g g g a c g c a g a c g  a t. g g c a t c a a  a t g c c t c g c t  c a a a t t c g t t  
3 9 6 1  -.:. c t a c a g a g g  c g c t t. t g g g a  c c g c a t t c g c  t t t g c t t t c a  t g ggggc a t c  t g t c a a t g t c  
4 0 2 1  a g a c a t ga a t  c c t c c g a t a t  a g g t t g a t t  t t t g a t c t c t t  c a a c a c t t gg t gt. t g t cc g a  
4 0 8 1  c a g a g a g a c  t. t a t a t gg a t  c a g t a t t c t t  g c a c t g a c a a  t gg t gc c a c t  c a a t c c c a a g  
4 1 4 1  g a t c g a c c t a  g t t. a ga g g c g  t ag a t c a a g c  a a t t c a a a a c  a g c g c a g a a g  c a g a a g g a g g  
4 2 0 l  t g g a a a t a t g  t t c c a g g g t g  a a a ggt t ac a  t gc a a c t a a c  gt t g c t c t c t  a g g a t g t gc c  
� 2 6 1 t g c t g t a a c g  t a t t g t cc a g  a a a a g a c a a c  c c c c c g t t a t  c g c t t g c a t c  t t gg c g g a g c  
� 3 2 1  t. g c g a a a a a c  g g g g g c c g t g a c g a a t c a c a  a g a g a a g t c t  a t c a c a t gg a  t c a t g c c a a a  
� 3 8 1  c a a c c c c a c g  c c g c c a a t a a  g c g c g g t g g t  g c t t g a g a a a  g t g c g c a c a g  c t. t g a g c t g t  
4 4 4 1  t t. c g g g a g c g  c c t g c c c c g g  a a a c c c t a c t  a t t c c g a c g a  g c t t a c a a c g  g g c c t a c g g a  
4 5 0 1  t t g c g g a t g t  t g c c c g c g c c  c t t g g t g c g c  g t t a c a t c c a  g c c g a a cggg c c a a c g c a c c  
� 5 6 1  g c c a c t g g a t  c gt. t t t t g a c  g t a g a c c a t g  c a g c c g c t a c  g t t a t c t t gg g a t g a c g t a g  
4 6 2 1  g c g c -.:. c c a g c  c c c t a a c a t t  a c c g t c a cg a  a c a a g g c c a a  c g g c c a c g c g  c a t c t g a t c t  
4 6 8 l  a c gg a c t gga t a cg c c g a t. c  c g c a c t g c c c  c g g a t g g a a a  t gc a gc c c c t  c t g c ggt a t g  
4 7 4 l  c c g c c g c c a t.  c g a g g c c g c g  C t c c g g g a g a  a a t  a gg g g c  g g a t a t g ggc t a c t c c g g g c  
4 8 0 1  t g a t ct g c a a  g a a cc c c c t g  c a t g a g c a c t  g g c t g g t g c a  g g t a t g g g a a  c c c c g g c t c t  
4 8 6 1  a c g a t t t a g c  c t g g c t a t c c  ga t t a c c t c g  a t ct g a g c t c  ct. a c a a t ggc cgc a a a t c g c  
4 9 2 1  t t c c "C g a g t a  c g g gct t g gg c g a a a c t g t a  c c c t g t t c g a  g a a a a c g cgc c t g t g g g c c t  
4 9 8 1  a t. a a a g c g a t  c c g g c a g g g c  t gg c c gg a t t.  a c c c c g a a t g  g t t g g c c g c t  t. g t g t t g a c c  
S O L  g g g c a t. c a g g  a t a t a a c g c c  c a g t. t cg a g c  a g c c g c  c c c  c g c a a a c g a a  g t c c g g c a c a  
5 1 0 1  c g g c c a a g t c  c a t t g c c a a a  t g g a c g c a c c  a g c a c c t a a g  c c c c g c a g g g  t t c a g a g a g g  
5 1 6 1  a gc a g g c c c g  g a g a g g t g c g  a a g g g c g g c a  a g g t a t c c a a  g g g a g g g g g a  a gg c c g a g c a  
5 2 2 1  a t. a g c g g t a a  g g a c a a g t cc g a t c t a t t g c  c g g a g g t t c t  g c g g c t t. a a g  g c t c a g g g g t  
5 2 8 1 a c a c c a a ccg c g a t a t a g c g  g a c g a t c t t c  a a a t c t cc c c  c a g t ac g g t g  a g c g t t t a c c  
5 3 4 1  t a a a g c g t g a  t. c g t c c g t g a  t c g a a a c a a g  c c t t a t ca g a  t a a t a gc c c c  c t t t a gg g g g  
5 4 0 1  g t "C c c t. g c g c  t. c t t. g t. c t. t t  t. a g c c t t. a a a  a a a t c c t t t t  a g c g c g g a t c  t t t g g c g a g g  
5 4 6 1  t g g a ca a c t g  c g c c t g t c c g  t cc a t c g c c c  c c c t g t t t t t  t. c g g g g g g t g  t gg g c g g c a g  
5 5 2 1  c a g t t a t c c a  c g g a g cc g c t  c t t t: c cc t t g  a t c t t g c t c t  a g g g c t t gca g t a t cc c g c c  
5 5 8 1  c a t gg t t. g a a  t a a t g t a ct a  a g c a a g g c t a  c a c a g a g g c c  c c t c t a c c t g  c t t c g c g g t c  
5 6 4 1 t cg g g c c t c t  g t g g c c t t g t  t: c a gg g g t g c  t a cgc c c c c c  c g a a a c c c c c  t g t gg c c c c c  
5 7 0 1  g c t c g a t. c c g  c c c c t t c g g g  a c g g t c t g c g  c g g t. g g c t t c  t t g g c t c t: g g  a g a a t g g a c g  
5 7 6 1  a g g c c c t a t g  t ca a c a a c a c  a g a t ag a g a a  a g a t t c g a g a  a g g a a g g c a g  t c a a t g g c g t  
5 8 2 l  t. a t t t: ct: a g t  t t c c a a c t a g  a g g g g g a g g c  c a t a a cc g a t  g a a t t c a a a a  t t c t a c t t: g a  
5 8 8 1  a g a t: t a t a t c  a a t gg a a a a a  t t t c c a c c g a  t g a g g t g t t a  g c t a t g g t a a  g t g a c g a a c c  
5 9 4 1  c a c a a c a a c g  g a a t. a c g a c t  a c g a a a t c a c  c c c c c g c a c t  c t cg g t c t t g  g c g g g g g c t g  
6 0 0 1  g a a L c t gc g t  t t g c t g g a g a  a c g g c g a a g a  g g t c g g c g g g  g g t g t t t t c c  c c t t g c c g g a  
6 0 6 1  g c a c t g c g a  t t t cg g g a t g  a a a a g g c g c t  c c a g a c g c t a  c t: c g a t a g c c  t c t a t g a g g a  
6 1 2 :'  c g c c t t a g c g  g a g g c ct c t g  c 
) S  
[ N I T T a  
: S S I ON 
, I ON 
iIORDS 
�CE 
pABC 1 3 7 - N DM 
pa r i a l s e qu e n c e . 
3 1 2 3  bp DNA 1 1. n e a r  1 7 -MAR - 2 0 1 5  
GAN I SM 
K l e b s i e l l a  p n e umo n i a e  
K l e b s i e l l a  p n e umon i a e 
U n c l a s s i f i e d . 
:RENCE 
THORS 
: TL £  
lURNAL 
:RENCE 
ITHORS 
. TLE 
>URNAL 
lENT 
1 ( ba s e s  1 t o  3 1 2 3 )  
S o n nev end , A . M . , A I - B a l ou s h i , A . E . , G h a z a w i , A . A . and P a l , T . 
C h a r a c t e r i z a t i on o f  N OM and OXA c o - p r oduce r K l ebs i e l l a  pneumon i ae 
i s o l a t e d  i n  t he A r a b i a n  P en i n s u l a  
Unpubl i s h e d  
2 ( ba s e s  1 t o  3 1 2 3 )  
S o n n evend , A . M . ,  A l - B a l o u s h � , A . E . , Gha z aw 1. , A . A . and P a l , T . 
D i r e c t  S ubmi s s i o n 
S ubmi t t e d  ( 1 7 - MAR - 2 0 1 5 ) M e d i c a l  M i c rob1. o 1 o g y  and I mmun o l og y ,  U n i t e d  
A r a b  Emi r a t e s  U n i ve r s i � y ,  Tawam s t r e e t  1 ,  Al A i n  1 7 6 6 6 ,  U n i t ed Arab 
Emi r a t e s  
# � As s embl y - Da t a - S TART # #  
A s s emb l y  M e � h o d  C l on e  Ma n a g e r  v . 9 
S e qu e n c i n g  T e c h n o l ogy : :  S a n g e r  d i d e o x y  s e qu e n c i n g  
� ffAs semb l y - D a t a - E 0# # 
C R E S  
s o u r c e  
L o c a t � on Qu a l i f i e r s  
1 .  . 3 1 2 3  
g e n e  
C D S  
m i s e  f e a t u r e  
g e n e  
C D S  
g e n e  
C DS 
/ o rg a n i sm= " K l e bs i e 1 l a  p n e umon i a e " 
/mo l t ype = " g e nomi c DNA " 
/ s t rai n = " ABC 1 3 7 " 
/ p l a smi d = " pABC l 3 7  - N DM" 
/ eou n t r y= " U n i t e d  Arab Emi r a t e s " 
3 3  . .  1 0 4 9  
/ g e n e = " i n s H " 
3 3  . .  1 0 4 9 
/ ge n e = " i n s H "  
l eodon s t: a r t = l  
/ p r oduct = " I S 5  t ra n s p o s a s e  a n d  t r a n s - a c t i v a t o r " 
/ t r an s 1 a t i on = " M FV I WS HGTG F I M S HQLT FAD S E F S S KRR TRKE I F L S RM E  I L  
PWQNMVEV I E P FY P KAGNGRR P Y P L E TMLR I HCMQHWYNLS DGAM E DALYE IASMRLF 
ARLSL DSAL P DR T T I M  FRHLLE H QLARQL FKT I N RW LAEAGVMMTQGTLVDAT I I E  
A P S S T�� KEQQRDPEMHQTKKGNQWH FGMKAH I GV DAKSGLTHSLVT TAANEH D LNQL 
GNLLHGE E Q FVSADAGYQGA PQR E E LAEVDVDWL IAERPGKVRTLKQHPRKNKTA I N I  
E YMKAS I RAKVE H P FR I I KRQFG FVKARYKGLLKN DNQLAM L F T LAN L FRAD M I RQW 
E R S H " 
1 1 6 3  . .  1 3 3 7  
/ p roduct = " t r u n c a t e d  I SAba 1 2 5  3 ' e n d " 
1 4 6 3 . .  2 2 7 5 
/ g e n e = " b l a N DM - l " 
1 4 6 3 . .  2 2 7 5 
/ ge n e = " b 1 a N DM - 1 " 
/ eo d o n  s t a r t = l  
/ p roduct = " me t a l l o b e t a  l a c t ama s e "  
/ t: r a n s l a t i on = " ME L P N I MHPVAKLS TALAAALML S GCMPG E I R P T I GQQME TGDQ 
R FG DLVFRQLA PNVW Q H T S Y L DMPGFGAVASNG L I VR DGGRVLVVDTAWT D DQTAQ I L  
NW I KQE I N L PVALAVVT HAHQDKMGGMDALHAA G I ATYANALSNQLAPQE GMVAA HS 
LT FAANGvJVE PATA P N FG PLKVFY PGPGH T S DN I TVG I DGTDIAFGGCL I KDSKAKS L 
GNLGDA D T E H YAASARAFGAAFPKASlvl I VM S H S A P DS RAA I THTARMADKLR " 
2 2 7 9 . .  2 6 4 4  
/ g en e= " b l eMBL " 
2 2 7 9 . .  2 6 4 4 
/ g e n e = " b l eMBL " 
/ co don_s t a rt = l  
/ p rod u c t = " b l e omyc i n  r e s i s t a n c e  p r o t e i n "  
/ t r a n s l a t i o n = " MADHVTPN L P S R D FDVTEAFYAKLGFATSWKDRGWt-1 I LQRGGLQ 
L E F F P Y P DL D PAT S S FGCC LRLDDL DAMVALVNAAGAEEKSTGW P R FKA PQLEASGLR 
I GY L I D P DC T LVR L I QN P D " 
COUNT 
N 
7 1 0  a 8 8 5  c 8 9 4 9 6 3 4  t 
1 
6 1  
1 2 1  
1 8 1  
2 4 1  
') ()1 
g g a a gg t ge g  
g g t t e a t ca t  
a g a e e a g a a a  
t g g a a g t e a t  
a a a e e a t g e t  
:::' ;::; (""f � r n r r r r  
a a c a a g t c e e  t g a t a t g a g a  
g a g t e a t e a a  c t t a e c t t cg 
a g a ga t t t t e  t t g t eccgca 
e g a g e c g t t t  t a c c c c a a g g  
a c g ca t te a c  t g c a t g c a g e  
n r ;:> r n ;:> ;:> ;lt: r  n r r t- r C i3 r a r: 
t c a t g t t t g t  c a t c t gg a g e  c a t g g a a e a g  
c e g a c a g t g a  a t t c a gcagt a a g e g c c g t c  
t g g a g c a g a t  t c t g e c a t g g  c a a a a c a t g g  
e t g g t a a t g g  ccggcgacct t a t e c g c t g g  
a t t g g t a c a a  c c t g a gcgat g g c g c g a t g g  
a t c t a r t t a c c t  a t a  c 
4 2 1  c c c g c c a a t  g t t c a a ga c c  a t. c a a t c g c "C  g g c t g g c c g a  a g c a g g c g t c  a t g a t g a c t c  
4 8 1  a a gg c a c c t t.  g g t c g a t gc c  a c c a t. c a t t g  a g g c a c c c a g  c t cg a c c a a g  a a ca a a ga g c  
5 4 1 a g c a a c g c g a  t c c g g a g a t g  c a t c a g a c c a  a g a a a gg c a a  t c a a t gg c a c  t t t g g c a t g a  
6 0 1  a g g c c c a c a t  t gg t. g t cg a t  gcca a g a g t g  g c c t g a cc c a  c a g c c t a g t c  a c c a c c g c g g  
6 6 1  c c a a c g a g c a  t g a c c t c a a t  c a g c t g gg t a  a t c t gc t g c a  t g g a g a g g a g  c a a t t t g t c t  
7 2 1  c a g c c g a t g c  c g g c t a c c a a  g g g g c g c c a c  a gc g c g a g g a  g c t g g c c g a g  g t g g a t g t g g  
7 8 1  a c t g g c t g a t  c g c c g a g c g c  c c c g g c a a g g  t a a g a a c c t t  g a a a c a g c a t  c c a c g c a a g a  
8 4 1  a c a a a a c g g c  c a t c a a c a t c  g a a t a c a t g a  a ag c c a g c a t  c c g g g c c a a g  g t g g a g c a c c  
9 0 1  c a t t t c g c a t  c a t c a a gc g a  c a g t t cg g c t  t. c g t g a a a g c  c a g a t a ca a g  g g g t t g c t g a  
9 6 1  a a a a c g a t a a  c c a a c t gg c g  a t g t t a t t c a  c g c t g g c c a a  c c t g t t t cgg g c g g a c c a a a  
1 0 2 1  t g a t a c g t c a  9 g g g a g a g a  t ct. c a c t a a a  a a ct g g g g a t  a a c g c c t t a a  a t g g c g a a g a  
1 0 8 1  a ac g g t c t a a  a t a gg c t g a t  t c a a g g c a t t  t a c g a g a g a a  a a a a t c g g c t  c a a ac a t g a a  
l l n  g a a a t ga a a t  g a c t g a g t e a  g c c g a g a a g a  a t t t c c c cgc t t a t t cg c a c  c t t c c c t a a a  
1 2 0 1  g g g a t t g a t t  t a a a t c a g g c  a g a t c a g c a t  t a t t t a a a t c  a a g t t g c c a t  g t c a c t g a a t  
1 2 6 1  a c t c g t c c t. a  g a a a gg c g t t a g a t t g g c t t  a c ac c a t t a g  a g a a a t t t gc t c a g c t t g t t  
1 3 2 1  g a t. t. a t c a t a  t g g c t t t t g a  a a c t g t c g c a  c c t. c a t g t t t  g a a t t cg c c c  c a t a t t t t t g  
1 3 8 1  c t a c a g t ga a  c ca a a t t a a g  a t c a t c t a t t  t a c t a g g c c t  cgc a t t t gcg g g g t t t t t a a  
1 4 4 1  t g c t g a a t a a  a a g g a a a a c t  t g a t g g a a t t  g c c c a a t a t t  a t g c a cc c g g  t c g c g a a g c t  
1 5 0 1  g a g ca cc g c a  t t. a g c c g c t. g  c a t t g a t g c t  g a g c g g g t g c  a t g c c c g g t g  a a a t. ccgccc 
1 5 6 1  g a c g a t t g gc c a g c a a a t gg a a a c t gg c g a  c c a a c g g t t t  g g c g a t c t g g  t t t t cc g c c a  
1 6 2 1  g c t c g c a c c g  a a t g t c t g g c  a g c a c a c t t. c  c t. a t c t c g a c  a t g c c g g g t t t cg g g g c a g t  
1 6 8 1  c g c t t cc a a c  g g t t. t ga t c g  t ca g g g a t g g  c g g c c g c g t g c t g g t g g t c g  a t a c c g cc t. g  
1 7 4 1  g a c c g a t g a c  c a g a c c g c c c  a g a t c c t c a a  c t g g a t c a a g  c a g g a g a t c a  a c c t g cc g g t  
1 8 0 1  c g c g c t g gcg g t g g t g a c t c  a cg c g c a t c a  g g a c a a g a t g  g g c g g t a t g g  a cg c g c t g c a  
1 8 6 1 t g c g g c g g g g  a t t g c g a c t t  a t gc c a a t g c  g t. t g t c g a a c  c a g c t t g c c c  c g c a a g a g g g  
=- 9 2 1  g a t g g t t gcg g c g c a a c a c a  g c c t ga c t t. t  c g c c g c c a a t  g g c t g g g t c g  a a c c a g c a a c  
1 9 8 1  c g c g c c c a a c  t t t g gc c c g c  t c a a g g t. a t. t  t t a cc c c g g c  c c c g g c c a c a  c c a g t g a c a a  
2 0 4 1  t a t c a c c g t t  g g g a t c g a c g  g c a c c g a c a t  c g c t t t t g g t  g g c t g c c t g a  t c a a g g a c a g  
2 1 0 1  c a a g g c c a a g  "C c g c t c g g c a  a t ct c g g t g a  t gc c g a c a c t  g a g c a c t a c g  c c g c g t c a g c  
2 1 6 1 g c g c g c g t1:: t g g t g c g g c g t  t c cc c a a g g c  c a g c a t g a t. c  g t g a t ga g c c  a t t c c g c c c c  
2 2 2 1  c g a t. a gc c g c  g c c g c a a t c a  c t. c a t a cg g c  c c g c a t g g c c  g a c a a g c t g c  g c t g a g c c a t  
2 2 8 1  g g c t g a c c a c  g t c a c c c c c a  a t ct. g c c a t. c  g c g c g a t t t c  g a t g t g a c a g  a g g c g t t t t a  
2 3 4 1  t g c g a a g c t g  g g c t t: t g c g a  c g a g t t g g a a  g g a t c g c g g c  t g g a t g a t cc t gc a gc g c g g  
2 4 0 1 c g g "C t t g c a g  c t. c g a a t t c t  t c c c ct: a t cc t g a c c t c g a c  c c a g c t a c g a  g c t. c g t t c g g  
2 4 6 1 ct g t t gc c t g  c gg t t g g a t g  a t ct c g a t g c  c a t: g g t g g c a  t t g g t g a a cg c g g c g g g a g c  
2 5 2 1  c g a g g a a a a a  a g c a c c g g c t  g g c c g c gc t t.  c a a a g c t c c g  c a a c t g g a gg c g a g c g g c c t  
5 8 1  g a g g a t c g g c  t ac c t ga t c g  a t c c cg a c t g  c a c g c t g g t g  c g g c t g a t c c  a g a a c cc c g a  
2 6 4 1  c t g a c c g c a t  g c c c g c g a a a  a t ca a g a t t t  g c gg g a t c a g  c a c a c c c g a g  gcg c t c g a t g  
2 7 C 1  c g a c c a t c g c  g g c g c g g g c g  g a c t a t. gccg g g t t gg t g t t  c t a t c c a g c g  t c g c c c c g t g  
2 7 6 1  c g g t t a c g L c  g a a t g t c g c g  ggcgct t. t ga ca t c g c g c g c  a g c t g g c c a g  a t c g c c a t g g  
2 8 2 1  t cg g t "C t g L t  c g t c g a t g c g  g a t g a t g c t g  t c a t c g c c g a  c g c a c t g g t. g  g c a g c c a a g c  
2 8 8 1  t g a a c gc g c t  g c a g c t g c a c  g g t t cg g a a t  c g c c c g a a c g  c g t g g c c c a g  t t gc g c g c g c  
2 9 4 1  g g t.  t g g c a a  g c c g g t g t: g g  a a g g c g c t g c  c c g t c g c c a g  c g c c a g c g a t  g t c g c a c g c g  
3 0 0 1  c c g c a g c c t a  t g c c g g g g c g  g c g g a c t t g a  t c t t g t t cg a  c g c c a a g a c c  c c c a a a g g c g  
3 0 6 1  c g c t g c ccgg c g g c a t g g g g  t t g g c g t t c g  a c t g g t c g e t  g c t g g ce g g a  t a t c gc gg t g  
3 � 2 1  c e t.  
U R E S  
s ou r c e  
g e n e  
C D S  
pAEC I 0 6 - N DM 
p a r t i a l  s e quence . 
Kl ebs i e l l a  pneumon i a e  
Kl eb s l e l l a  p n e umon i a e  
U :1 c l a s s i f i e d . 
1 ( ba s e s  1 t o  5 0 9 9 )  
5 0 9 9  bp DNA l i ne a r  1 7 -i'1AR - 2 0 1 5  
So nnevend , A . M . , AI -Ba l ou s h i , A . E . ,  Gha z aw i , A . A . a n d  P a l , T . 
C h a r a ct e r l z a t i o n o f  N OM a n d  OXA co-produce r K l e b s i e l l a  pneumon i a e 
i s o l a t e d  i n  t h e  A r ab l a n  Pe n i n s u l a  
Unpub l i s h e d  
2 ( b a s e s  1 t o  5 0 9 9 )  
S on n e v e n d , A . M . , A I -B a l o u s h i , A . E . , G h a z a w i , A . A . a n d  P a 1 , T .  
D l r e c t  S ubm i s s l o n 
S ubmi t t e d  ( 1 7 - MAR - 2 0 1 5 )  Med i c a l  Ml crobi o l og y  and I mmun o l o g y ,  U n i  e d  
Arab Emi r a t e s  U n i ve r s i t y ,  T awam s t r e e t  1 ,  A l  A i n  1 7 6 6 6 ,  U n i t e d  Arab 
Emi ra t: e s  
4 #A s s ernb l y - Da t a - S TART # 
A s s embl y  M e t h o d  
S e quenc i n g  T e c h n o l o g y  
� #A s s ernb l y - D a t a - E N D # � 
C l on e  M a n a g e r  v . 9 
S a n g e r  d i de o x y  s e quenc i n g  
L oc a t l on Qua l i f i e r s  
1 . .  5 0 9 9  
/ o rga n l sm= " K l e b s i e l 1 a  pn eumo n i a e " 
/ m o l  t yp e = " g e n om i c  DNA " 
/ s t rai n = "ABC 1 0 6 " 
/p l a sm i d = " pABC l 0 6 - N DM " 
/ count r y = " Un l t e d Arab Emi r a t e s " 
1 .  . 3 0 1 8  
/ g e n e = " Tn 3  t npA " 
1 . .  3 0 1 8  
/ g e ne = " Tn 3  npA " 
I codon s t a n : = l  
/ p rodu c t:= " t: r a n s po s a s e " 
/ t r a n s l a t i o n = " MAFEERVQ I LSEAEQDELYG P PAFTSADQR F F F S LN DKE LAIAK 
S LRHRGQRYMLVVL L GY FKAKPVVLN PGFHQI KQDLKYVYQTVL P G P GC R P FN L T PKE 
N E R I YQRVFQLCNYQRWNVKDHGAALRDYLSQQARAWTAP R H L F DAANE YCSGQ K I A I  
PAYS T LQK I I S QVVG DEQEHM&�H LERAMSRGLKQALAELVN GTGP L P FRQLR SAPN 
F T G T E L E KE L I VY R H I QHWM PEVDLLL S T L S L S QKNL H LAEKVDYYGAKLKRQTVGS 
QWLYLLCYLQTRWQ ALE R I A D G FVHHVRQTKQKAKDYAQEAV FKDWQKAAKNVS KAA 
EVLHL F I DDS I D�QL P FATVRQQALS L LTKR DL E SVCL FLNEQRRSVDEAMWQY CDEK 
E SL R KGLLRE L FLCLR FEGCDGTQHLA�LAKTQNE LNGQDAQLQTADT RLLSKKSRE 
F L L DGEGN I L I DRYEW FLYQQI P DR LNGQLT L P D I TKYRAH DA D L I DGEHWRKNKYTL 
LQQ S H FT KLAE E P E K L I KQMAM E L DTRLY EVGEY L E  E DN RN I I LRN PQGKR FWR L P S  
ASKHHLVNN P FFQQ I PTTG I A DVLRMVDR DTG F I DC FAHVLGSQS R S R S H E Y D L LA I L  
VGNAT Q G I YGMAQ I S DRTYDQL S T I QANYLRLETLNAAN DN I N NATAKL P I FRYYNI 
Q E DV I HASADGQKFEARR E T FKTR Y S S KY FGTQKGVSAM T L I ANHAAI NARV I GAN EH 
E S H Y I FDLLMSN T S D I I P DVLST DTHGVNHVN FAL LDL FGYQ FAPRYAQVGKV I N DMF 
DVKE DKE H R I Q L C L KKP I N T H R I AQHWDT I QR I AVS LKQRKTTQATLVRKLSEYKRNH 
P L LEALTEYNRLVKAN YLLCY I DDAS LRNYVQRA.LN RGEAYHQLRRAVS SVN G DQ FRG 
S S DE E I Q LWN ECAR LVTNA IV Y FN S R I LSQLLTS FE YQGDTKR I DI VKQAS PVAWHNI 
m i s c  f e a t u r e  
L KG T Y H FE L S E K L P DL E E LMR S I E GY L PVSEK " 
3 0 9 3  . .  3 3 4 6  
g e n e  
C D S  
g e n e  
C D S  
/p r odu c t = " t r u n c a t e d  I SAba 1 2 5  3 ' e n d "  
3 4 4 7  . .  4 2 5 9  
/ g e n e = " b l aN DM - 1 "  
3 4 4 7  . .  4 2 5 9  
/ g e n e = " b l aNDM- 1 "  
/ c odon s t a r t = 1  
/ p r oduct = " me t a l l o b e t a  l ac t ama s e " 
/ t r an s l a t i on = " ME L P N I M H PVAKL S TALAAALM L S GCMPGE I R P T I GQQME TGDQ 
R FG DLVFRQLAPNVWQ H T S Y L DM P GFGAVASNGLI VR DGGRVLVVDTAW T DDQTAQ I L  
N W I KQE I N L PVALAVVTHAHQ DKMGGMDALHAAGI AT YANALSNQLAPQEGMVAAQHS 
LT FAANGWVE PATA P N FG PLKV FY PG PG HT S DN I TVG I DGT DI A FGGC L I KDS KAKSL 
GN LG DADT E HYAASARAFGAA FPKASM I VMSHSAPDS RAA I THTARMADKLR " 
4 2 6 3  . .  4 6 2 8  
/ g e n e = " b l eMBL " 
4 2 6 3  . .  4 6 2 8  
/ g e n e = " b l eM B L "  
/ codon s t a r t = l  
------------------ ����� -� " b U. ���� ��L £ b anc E- D Ln L e �· �" ______________ _ 
COUl T 
I 
LE F FP Y P D L D PATSS FGCCLRLDDLDAMVALVIJJlJ\GAEEKS TGWPR FKAPQLEJl.SGLR 
I GY L I D P DC TLVRL I Q I P D "  
1 2 6 2 a 1 3 8 7  c 1 3 5 7  9 1 0 9 3  t 
1 a t gg c a t t cg a a g a a c g t g t  c c a a a t c t � g  t c c g a g g c a g  a a c a a g a t g a  g t � a t a t g g a  
6 1  c cc c c c g c t t  � c a c c t c c g c  c ga c c a a c g c  t t c t � t t t c t  c g c t g a a c g a  � a agga a c t g  
1 2 1  g c g a t c g c t a  a a a gc c t c c g  t c a t cg g g g c  c a g c g t t a c a  t g c t g g t g g t  a c t gc t g g g c  
1 8 1  t a t t � c a a a g  c c a a gc c g g t  g g t g c t g a a t  c c c g gc t t t c  a � c a g a t c aa g c a gg a cc t c  
2 4 1  a a a t a c g t t t  a t c a a a c c g t  t c � a c ca gg c  c c a g g c t g � a  g a c c c � � t a a  t ct c a c g c c a  
3 0 1  a a ag a g a a c g  a a c g ga t t t a  c c a a c g t g t t  t c c a g c t c t  g c a a c t a c c a  g c g c t g g a a t  
3 6 1  g � ca a a g a c c  a L g g a gc g g c  g t t g a g a g a t  t a c t t a t c c c  a g c a a g c c a g  a gc c t g g a c a  
4 2 �  g c g c c t a gg c  a c c t c t t c g a  t gc g g c c a a t  g a a t a t t g t t  c g g g g c a g a a  g a t cgca a t c  
4 8 1  c c t g c c t a c a  g c a c g c t g c a  a a a g a t c a t c  a g L c a g g t g g  t gg g a g a c g a  a c a g g a a c a c  
5 4 1  a t g g cc g c g c  a c c t t ga g c g  t g c a a t g t c a  c g c g g t c t t a  a g c a a g c a c t  g g c g g a gc t c  
6 0 1  g t g a a c g g c a  c a g g t c c a c t  g c c g t t c c g a  c a g t t g c g a c  a a t c g g c t c g  � a ac t L c a c c  
6 6 1  g g a a c c g a g t  t g g a g a a a g a  a c t g a t t g t c  t a t c g c c a t a  t c c a g c a t t g  g a t gc c g g a a  
7 2 1  g � gg a t c t g c  t g t t g a g c a c  g C L a t c a c t g  t c g c a g a a a a  a t c t g c a a c a  c c t g g c a ga g 
7 8 1  a a a g t c g a c L  a C L a cg g t g c  c a a a c t g a a a  c g t c a a a c c g  t a g g c a g c c a  a t gg c t g t a t  
8 4 1  t t a t t g  g c t  a t c t t c a a a c  g c g a t g g c a g  c a a g c g c t g g  a a c g t a t t g c  c g a t g g c t t t  
9 0 1  g t g c a t c a t g  t c a ga c a g a c  c a a a c a g a a g  g c a a a g g a t t  a t g c g c a g g a  a gc g g t g t t t 
9 6 1  a a g g a t t ggc a a a a a gc a g c  t a a a a a t g t c  a g c a a g g c a g  c t g a a g t a c t  g c a c c t g t t c 
1 0 2 1  a t t g a t g a c a  g ca t t ga t c t  g c a a c  a c c g  t t t g ca a c a g  t a a g ac a g c a  a g c a c t g a g c  
: 0 8 1  c t g c t g a c c a  a aa g g g a t c t  g g a a t c t g  a � gt c t c t t cc t g a a c g a g c a  g c g a c g a t c g  
: : 4 1  g t c g a t g a a g  c c a t g  g g c a  g t a c t g c g a c  g a g a a a g a a a  g t c t g c g g a a  a g g t t t g c t g  
1 2 0 1  c g a g a g t t gt t cc t a t g t c t  g c gc t t c g a a  g g c L g c g a c g  g c a c c c a g c a  c t t a gc g g c c  
1 2 6 1  g c c t  g g c g a  a a ac a c a a a a  c g a a c t c a a c  g g c c a g g a c g  c t c a gt t g c a  a a c t gc c g a c  
1 3 2 1  a c c a g a c t c c  t t t c c a a a a a  a t ca c g t g a a  t t c c t g C L g g  a t g g t g a a g g  g a a t a t c c t g  
1 3 8 1  a t c g a t cg L t  a t g a g t g g t L  c c t c t a t c a a  c a g a t t c c t g  a t c g c c t g a a  t g g c c a g c t g  
1 � � 1  a c g c t g c c t g  a t a t c a c t a a  a � a cc g g g c a  c a c g a c gccg a c c t g a t c g a  c gg g g a a c a t  
� 5 0 1  L g g c g a a a a a  a c a a a � a t a c  g c t g c t t c c a  c a g a g c c a t t  � t a c a a a a t t  a gc g g a g g a g 
1 5 6 1  c c t g a a a a g c  t ga t c a a a c a  g a t g g c c a t g  g a a � � g g a t a  c c c g t t t g t a  c g a a g t c g g c  
1 6 2 1  g a a � a L c t t g  a a c a gg a a g a  c a a c c g g a a t  a t c a t c t t g c  g t a a t cc g c a  g g g t a a a c g c  
1 6 8 1  t t ct gg c g c c  � gc c t t c g g c  c a g c a a a c a t  c a t c t gg t c a  a c a a t c cc t t  c t t c c a g c a a  
: 7 4 1 a t t c c c a c a a  c g g g ga t t gc g ga � g t a c t g  cgc a t g g t t g  a t cg t g a c a c  c g g t t t c a t t  
1 8 0 1  g a c � g c t t c g c t c a t gt gc L  g g g t L c c c a a  t c c a g a a gcc g t t c cc a L g a  a t a t g a c c t g  
1 e 6 _  L � gg ca a t t c  t gg t c g g c a a  t gc a a c c a a t  c a a g g ca t t t  a cg g c a t gg c  a c a g a t c t c t  
: 9 2 1  g a � c g � a cct a t ga t c a g c t  c a gc a c t a t c  c a g g c g a a c t  a t c t t c g c c t  g g a a a ca t t g  
1 9 8 :  a a � gc t gc L a  a c g a c a a c a t  c a a t a a c g c g  a c a g c c a a g c  t a ccc a t c t t  c c g g t a c t a c  
2 0 4 1 a a c a � c c a g g  a a g a t g t g a t  c c a c g c c a g t  g c c g a t g g t c  a a a a g t t c g a  a g c ccggcgc 
2 : 0 :  g a g a c c t t c a  a a a c c c g t t a  t t c g t c g a a g  t a c t � t g g c a  c t c a a a a a g g  t g t t t c t g c c  
2 1 6 1  a t ga cct t g a t cg c c a a t c a  c g c � g c g a t c  a a cg c c a g a g  t g a t c g g c g c  c a a c g a a c a t  
2 2 2 :  g a a t cg c a c t  a c a t c t t t g a  t t t g t t g a t g  a g c a a t a cg t  c a g a c a t c a t  t cc g g a t g t g  
2 2 8 1  c t c t ca a c c g  a � a c c c a t g g  g g t g a a c c a t  g � g a a c t t cg c g t t a c t g ga � c t gt t cg g a  
2 3 4 1 t a c c a g t t � g  c c c c a cg c t a  t g c c c a g g t t  g g c a a a g t g a t c a a t g a c a t  g t t t g a t g t c  
2 4 0 1  a a gg a a g a c a  a a g a a c a c c g  a a t t c a g c t g  t gc t � a a a a a  a g c c a a t c a a  t a c c c a t c g t  
2 4 6 1  �t t g c g c a g c  a c t g g g a t a c  c a L c c a ac g g  a t t gc a g t a �  c a c t t a a g c a  g c g g a a a a c a  
2 5 2 1  a c gc a a g c c a  C C t � g g t g a g  a a a g c t c t cg g a g t a c a a g c  gc a a t ca c c c  g c t g c t g g a a  
2 5 8 1  g cc c � ga c g g  a a t a c a a t c g  c c � g g t g a a a  g c g a a  t a t c  t a c t g t g c t a  c a t c g a t g a t  
2 6 4 1  g c c a gt t � a a g a a a c t a t gt t c a gc g c g c g  c t g a a ccggg g a g a g g cc t a  t c a c c a a c t g  
2 7 0 1  c g t cg g g c c g  t ga g c a g c g t  c a a t g g g g a t  c a g t t c c g g g  g c ag t t c a g a  c g a a g a a a t c  
2 7 6 :  c a g c t a � gga a t g a g t gc g c  t c g c c t g g t c  a c c a a t gcca t c g t t t a c t t  c a a c t c c a g g  
2 8 2 1  a t a c t ca g c c  a g c t g t t g a c  c a g c t t c g a a  t a cc a a g g a g  a t a c c a a g a g  a a t a g a t a t c  
2 8 8 1  g t c a a a c a g g  c a t c c c c t g t  g g c c t gg c a c  a a c a t t a a c c  t c a a g g g g a c  t t a cc a c t t c  
2 9 4 1 g a a t t g a g c g  a a a a a � t g cc a g a t c t g g a g  g a gc t t a t g c  g c t c a a t c g a  g g g a t a t t t a  
3 0 0 1  c c c g t ca gcg a a a a g t a a t a  c c c c t c t gg a  g g c c a c g g a c  g g c g c g g c c t  c c a g a g c a c t  
3 0 6 1  t t g t c g� t t t  t gg a c g g a a a  a t cc c � a g a a  c c c c a t a g a t  g t a t a t t t c t  g t g a c c c a c a  
3 1 2 1  t t c ac c c t g g  c a a a a ag g c a  c a t g c g a a a a  t a t g a a t gg t  t L a a t t a ggc a a t a t t t a c c  
3 1 8 1  t a a a g g g a t t  g a t t t a a a t c  a g g c a g a t c a  g ca t t a t t t a  a a � c a a g t t g  c c a � g t ca c t  
3 2 4 1 g a a t a c t c g t  c c t a ga a a g g  c g t t a g a t t g  g c t t a c a c c a  t � a g a g a a a t  t t g c t c a g c t  
3 3 0 1  t gt t g a t � at c a � a t g gc t t  t t g a a a c t g t  c g c a c c t c a t  g t t t g a a t t c  g c c cc a t a t t  
3 3 6 1  t t t gc t a c a g  t g a a c c a a a t  t a a g a t c a t c  t a t t t a c t a g  g c c t c g c a t t  t g cggggt t t  
3 4 2 1  t t a a t g c � ga a t a a a a g g a a  a a c t t g a t gg a a t t g c c c a a  t a t t a t g c a c  c c g g t c g c g a  
3 4 8 1  a gc t g a g c a c  c g c a t t ag c c  g c t g c a t t g a  t g c t g a g c g g  g t g c a t g c c c  g g t g a a a t c c  
3 5 4 1 g cc c g a c g a t  t g g c c a g c a a  a t g g a a a c t g  g c g a c c a a c g  g t t t g g c g a t  c t g g t t t t c c  
3 6 0 1  g c c a gc t c g c  a c c g a a t g t c  t g g c a g c a c a  c � t cc t a t c t  c g a c a t g c c g  g g t t t c gggg 
3 6 6 1  c a gt cgct t c  c a a c g g t t t g  a t c g t c a g g g  a t gg c g g ccg c g t g c t g g t g  g t c g a t a c c g  
3 7 2 1  c ct g g a c c g a  t ga c c a g a c c  g c c c a g a t c c  t ca a c t g g a t  c a a gc a g g a g  a t c a a c c t g c  
3 7 8 1  c g gt cg c g c t  g g c g g t g g t g a c t c a cg c g c  a t c a g g a c a a  g a t g g g c g g t  a t g g acgcgc 
3 8 4 1  t gc a t gc g g c  g g g g a t t g c g  a c t t a t g c c a  a t g c g � t gt c  g a a c c a g c t t  q c c c c g c a a g  
3 9 0 1  a gg g g a t g g t  t gc g g c g c a a  c a c a g c c t g a  c t t t c g cc g c  c a a t gg c t g g  g t c g a a c c a g  
3 9 6 1  c a a ccgcgcc c a a c t t t g g c  c c g c t c a a g g  t a t t t t a ccc c g g c c c c g g c  c ac ac c a g t g  
4 0 2 1  a c a at a t c a c  c g t t gg g a t c  g a c g g c a ccg a c a t cg c t t t  � g g t g g c t g c  c t g a t ca a g g  
, -",,-,"�� � t. � "' � -=>  � ;u::-j---",-",- � t == a�at 
4 2 0 1  c c cccg a t a g  ccgcgccgca a t c a c t c a "C a  cggcccgcat g g c c g a c a a g  c t g c g c t g a g  
4 2 6 1 c c a t g g c t g a  c c a c g t c a c c  c c c a a t c "C g c  cat cgcgcga t u . c g a t g t g  a ca g a ggcgt 
4 3 2 1  t t t a t gc g a a  g c t gggct t t  g c g a c g a g t t  g g a a g g a "C c g  cggc t gg a t g  a t c c "C gc a g c  
4 3 8 1  g c g g c g g t t t  g c a g c "C c g a a  t "C c t t c c c c t  a t cc t g acct c g a c c c a g c t  a cg a g c t c g t  
4 4 4 1  t cg g c t g t t g  c c t gc g g t t g  g a t g a t c t c g  a t gccat gg t  g g c a t t g g t g  a acgcggcgg 
4 5 0 1  g a g c c g a g g a  a a a a agcacc ggctggccgc g c t t c a a a g c  t c c g c a a c "C g  g a g gcgagcg 
4 5 6 1  g c c t g a g g a t  c g g c t a c c t g  a t cg a t c c c g  a c t g cacgct g g t g c g g c t g  a t c c a g a a c c  
4 6 2  � c c g a c t g a c c  g c a "C gcccgc g a a a a t c a a g  a t t t gcggga t c a g c a c a c c  c g a g g c g c t c  
4 6 8 1  g a t g c g a c c a  t cgcggcgcg g g cg g a c t a t  gccggg t t gg t g t t c t a t cc a g c g t cgccc 
4 7 4 1  c g t g c g g t t a  c g t c ga a t g t  c g c g g g c g c t  t t g a c a t c g c  g c g c a g c t g g  c c a g a t c g c c  
4 8 0 1  a t gg t cgg t t  "C g t t. c g t c g a  "C gc g g a t g a t  g c t g t c a t c g  c c g a c g c a c t  ggt ggcagcc 
4 8 6 1  a a g c t g a a cg c g c t g c a g c t  g c a c g g t t cg g a a "C cgcccg a a c g c g t g g c  c c a g t t gcgc 
4 9 2 1  g c g c g g t t "C g  g c a a gccggt g t g g a a g g c g  c t gcccgtcg c c a g c g c c a g  c g a t gt cg c a  
4 9 8 1  c g c g c c g c a g  c c t a t gccgg ggcgg c g g a c  t t g a t c t t g t  t c g a c g c c a a  gac ccccaa a 
5 0 4 1 g g c g c g c t g c  ccggcggcat g g g g t t ggc g t t cgact. ggt c g c "C g c t g gc c g g a t a tcg 
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C D S  
p S A5 4 / 4 -N DM - l 3 2 2 5  bp DNA 
K l eb s i e l l a  p�eumo n i a e  s t r a i n  SA 5 4 . 
K l eb s i e l l a  p n e umon i a e  
Kl e b s I e l l a  p n e umon i a e 
U n c l a s s i f i e d . 
1 ( ba s e s  1 t o  3 2 2 5 )  
l i ne a r  1 6 - 11AR - 2 0 1 5  
S o n nevend , A . M . , Al - 8 a l ou s h i , A . E . , Gh a z awi , A . A . and P a l , T .  
C h a r a c t e r i z a t I o n  o f  N DM and OXA co-p rodu c e r  K l e b s i e l l a  pneumon i a e 
i s o l a t ed i n  t h e  Ara b i a n  P en i n s u l a  
U npubl i s h e d  
2 ( b a s e s  1 t o  3 2 2 5 )  
S onn ev e n d , A . M . , Al - 8 a l o u s h i , A . E . , Gh a z awi , A . A . and P a l , T . 
D i r e c t  S ubmi s s I on 
S u bmi t t e d  ( 1 6 - MAR - 2 0 l 5 )  M e d i c a l  M i c r obi o l o g y  and Immu n o l o g y , U n i t e d  
A r a b  Emi r a t e s  U n i ve r s i t y ,  T a wam s t r e e t  1 ,  A l  A i n  1 7 6 6 6 ,  Un i t ed A r a b  
E m i r a t e s  
# #A s s emb l y - Da t a - S TART # # 
A s s embl y  M e t h o d  C l one M a na g e r  v . v 9  
S e qu e n c i n g  T e c h no l o g y  : :  S a n g e r  d i d e o x y  s e qu e n c i ng 
# #A s s emb l y - Da t a - EN D # # 
Lo c a t i o n /  u a l i f i e r s  
1 .  . 3 2 2 5  
/ o r g an i sm= " Kl eb s i e l l a  pneumo n i a e " 
I mo l  t: ype= " g e n omi c DNA " 
/ s t r a i n = " SA5 4 " 
p l a sm i d= " p SA 5 4 - 4 - N DM - l " 
/ co u n t r y = " S au d i  A r a b i a "  
1 5 0  . .  9 9 5 
/ g e n e = " rmt C " 
1 5 0  . .  9 9 5  
/ g e n e = " rmt C " 
/ c o don s t a r t = 1  
/p r o d u c t = " r i b o s oma l m e t h y l a s e " 
/ t: r a n s l a  i on = " MKTN DN Y I E EVTAKVLTSGKYSTLY P PTVRRVTERL FDRY P PKQ 
�EKEVRKKLHQAYGAY I GG I DGKRLEKKI E K I I HE I PNPTTDEATRTEWEKE I C LKI L 
N � H T S TNERTVAY DE LYQKI FEVTGVPT S I T DAGCALN P FS FP F FTEAGMLGQ Y I G F D  
LDKGM : EA I E H S LR T LNAPE G I VVKQGD I LS DP S G E S D L L LM FKLYTLLDRQE EASGL 
K I LQEWKYKNAV I S FP I KT I S G R DVGME ENYTVK FENDLVGS DLR I MQKLKLGN EMY F 
I VS R L "  
m� s c  f e a t: u r e  1 3 5 7  . .  1 4 5 2 
g er. e  
C DS 
g e n e  
CDS 
gene 
COUNT 
N 
/p roduet= " T r u n e a t e d  I SAba 1 2 5 " 
1 5 5 3  . .  2 3 6 5 
/ g e n e = " b l a N DM - l " 
1 5 5 3  . .  2 3 6 5 
/ g en e = " b l a N DM - l " 
/ eodon s t: a r t = l  
/ p r oduet: = " me t: a l l o  b e t a  l a et ama s e " 
/ t r a n s l a t i on = " ME L P N I M H PVAKLS TALAAALMLS GCMPGE I RP T I GQQME T G DQ 
R FG DLV FRQLAPNVWQHT S Y L DMPG FGAVA S N G L I VR DGGRVLVV DTAWT DDQTAQ I L 
N{i/ I KQE I N L PVALAVVTHAHQDKMGGMDALHAA G I ATYANAL SNQ LAPQEGMVAAQH S  
L T FAANG�NE PATA P N F G P LKVFY PGPGH T S DN I TVGI DGTDI AFGG C L I K D S KAKSL 
GNLGDADT E H YAASARAFGAAF PKAS M I V M S H S A P D S RAAI T HTARMADKL R "  
2 3 6 9  . .  2 7 3 4  
/ g e n e = " b l eMBL " 
2 3 6 9  . .  2 7 3 4  
/ g e n e = " b l e M B L " 
/ ecdon s t a r t = l  
/p roduct = " b l e omyc i n  r e s i s t an c e  p r ot e i n " 
/ t: r an s l a t i on = " MADHVT PN L P S R D F DVTEAFYAKLGFATSWKDRGWM I LQRGGLQ 
L E F F P Y P DL D PAT S S FGCCLRLDDL DAMVALVNAAGAE EKSTGW P R FKAPQLEAS GLR 
I GY L I D P DC T LVR L I QN P D " 
2 7 3 9  . .  3 2 2 5  
/ ge n e = " t rp F " 
/ n o t e = " a n t h r a n y l a t e  i s ome r a s e ;  p a r t i a l " 
7 6 3 a 8 2 3  c 8 8 4  g 7 5 5  t 
1 c c a cg c a t g a  a cc cccg a t c  t: g t: g c c c g a t:  c t g t g c c c a a  a g c g g c g c t t  gcgcggccgc 
61 t t cct acccg c t a g a c t cg c  c a a a a a gggc g g t t g a a c t t  c e t a t accea g a a a a t a t t a  
1 2 1  t t a a a a t a a t  e e t t t t t c a e  a g a e e a t: a t a  t: g a a a a e e a a  e g a t a a t t a t  a t e g a a g a a g  
3 0 :  a g a a a t t g c a  t c a a g c a t a  g g t g c t t- a 1: a  t t g g t g g g a t  c g a t g g g a a a  a g g t- t g g a g a  
3 6 1  a g a a g a t t g a  g a a g a t: a a t t  c a t g a g a t a c  c a a a t cc a a c  t a c g g a t g a a  g c a a c t c g t a  
4 2 1  c g g a g t: g gga a a a a ga g a t- c  t gc c t g a a a a  t a t- t g a a c t t  g c a c a c t t c a a c a a a t g a g c  
4 8 1 g a a c g g t g g c  t- t a c g a t g a g  c t t t a c c a a a  a g a t c t t t g a  g g t a a c a g g g  g t t cc a a c a a  
5 4 1  g t a :. c a c c g a  t gc a g g t t g c g c t 1: t g a a t c  c a t- t t t c t t t  t c c a t t c t t t  a c g g a g gc t g  
6 0 1  g c a t g c t 1: g g  g c a a t a c a t a  g g t t t cg a t c  t t g a t a a a g g  t a t g a t c g a a  g c g a t c g a a c  
6 6 1  a c t c g t t g a g  a a c g c 1: t a a c  g c c c c a g a g g  g t a t t g t t g t  c a a a c a g g g a  g a t a t a t t a t  
7 2 :"  c c g a t c c g t c  a g g c g a g a g t  g a t c t t c t a c  t t a t g t t ca a  g c t a t a t a c t  c t a c t cga t c  
7 8 1  g g c a g g a a g a  g g c c t c t g g t  t t ga a a a t t c  t- t c a a g a g t g  g a a a t a c a a a  a a t g c 1: g t g a  
8 4 1  t c t c t t t- t c c  t a t t a a a a c t  a t a a gt g gga g a g a t g t t g g g a t g g a a g a g  a a t t a c a c t g 
9 0 1  t t a a g t t cga g a a t g a t c t t  g t t g g g t c a g  a -c c t g a g a a t  c a t gca a a a a  t t g a a a 1: t a g  
9 6 1  g a a a cg a g a t  g t a t t t t a t c  g t a t c g a g a t  t g -c a a c t t t a  g g g t g g a g a a  g a t t t t t c t t  
1 0 2 1  t g a g g t g t a t  a a t a c g -c a a g  t c g t gc a t g t  g t a a c t t ccg c c t c t a c g a a  g g c a a a t t c t  
1 0 8 1  a a c a c a c c t c  g c c -c a g c t a t  a ag g g gt c a g  t t t gg a g a a c  g ga a a t t t t t  g t a c g t t a a g  
1 1 4 1  c g ca t t a t t t  a a cc a a t c t t  g g t t cg t a a g  t g g t t g a t -c t  t g c g t c a g t g  g c t a t cgc t t  
1 2 0 1  t t a a g t t g t c  g c t c t t g c a g  t a t c g c a t t t  a g g t t a t c cg a t t a ag g t c a  a a c c t c t ga a 
1 2 6 1  a a t g c c g 1: a t  a g c g c g g g a g  g a c a c c c t a t  t g c t a t a g g t  a a g t c t g t t c  a a a a a a c a g g  
1 3 2 1  c t t a c c g t a c  a a t a a t t c t c  t a  a t cc a a a  c t g a c c c c t a  g a a a ggcg t t  a g a t t gg c 1: t 
1 3 8 1  a c a c c a t- t a g  a g a a a t t t g c  t c a g c t t g t r:  g a t t a -c c a t a  t g gct t t t g a  a a c t g t c g c a  
1 4 4 1  c c t c a t g t t t  g a a t t c g c c c  c a t a t t t t t g  c t a c a g t g a a  c c a a a t t a ag a t c a t c t a t t  
1 5 0 1  t a c t a g g c c t  c g c a t t t g c g  g g g t t t t t a a  t g c t g a a t a a  a a g g a a a a c t  t g a t gg a a t t  
:;. 5 6 1 g c c c a a t a t t  a t g c a cccgg t cg c g a a g c t  g a g c a c c gca t t a g c c g c t g  c a t t g a t gc t  
1 6 2 1  g a g c g g g t g c  a t gc c c ggt g a a a t c c g c c c  g a c ga t t ggc c a g c a a a t gg a a a ct g g c g a  
1 6 8 :  c c a a cg g t t 1:  g g cg a r: c t g g  1: t t t c c g c c a  g c t c g c a c c g  a a t g t c t gg c  a g c a c a c t t c  
1 7 4 1 c t a t c t c g a c  a t gc c g g g t t t c gg g g c a g t  c g c t t c c a a c  g g t t t g a t c g  -c c a g g g a t g g  
1 8 0 1  c gg c cg c g t g c t g g t gg t c g  a t- a cc g c c -c g  g a c c g a t g a c  c a g a ccgccc a g a t c c t c a a  
l 8 6 1 c t g g a L c a a g  c a g g a g a t c a  a c c t gc c g g -c  c g c g c t g gcg gt ggt g a c t c  a c g c g c a t c a  
1 9 2 1  g g a c a a ga t g  ggcg g t a t g g  a c g c g c t g c a  t gc g g c g g g g  a t t gc g a c t t  a t g c c a a t g c  
1 9 8 1  g t t g t c g a a c  c a g c 1: -c gc c c  c g c a a g a g g g  g a t g g1: t gc g  g c g c a a c a c a  g c c t g a c t 1: t  
2 0 4 1  c g c c g c c a a r:  g g c t g g g t c g  a a c c a g c a a c  cgcgccc a a c  t t t g g c c c g c  t ca a ggt a t t  
2 1 0 1  t t a c cc c g g c  c c c g g c c a c a  c c a g t g a c a a  t a t ca c c g t t  g g g a t c g a c g  g c a c cg a c a t  
2 1 6 1  c g c t t t t gg t  g g c  g c c t g a  t c a a gg a c a g  c a a gg c c a a g  t cg c t c g g c a  a t c t cg g t g a  
2 2 2 1  1: gc c g a c a c t  g a g c a c t a c g  c c g c g t c a g c  g c g c gc g t t t  g g t g cg g c g t  t c c c c a a g g c  
2 2 8 1  c a g c a t g a t c  g t g a t g a g c c  a t t c c g c c c c  c g a t a gc c g c  g c c g c a a t c a  c t c a t a c g g c  
2 3 0  c c g c a t g g c c  g a c a a g c t g c  g c t g a g c c a t  g g c t g a c c a c  g t c a c c c c c a  a t c t g c c a -c c  
2 4 0 1  g c g c g a t t t c  g a t g1: ga c a g  a g g c g t t t t a  t gc g a a g c t g  g g c t 1: t g cga c g a g t t g g a a  
2 4 6 1 g g a 1: c g c g g c  t g g a t g a c c c  t g c a gc g c g g  c g g1: r: t g c a g  c t c g a a 1: t c t  t c c c c t a -c c c  
2 5 2 1  t g a c c t c g a c  c c a g c t a c g a  g C 1: c g t t cg g  c t g t t gc c t g  c g g t t g g a t g  a t ct c g a t g c  
2 5 8 1  c a t g g :: gg c a  t t g g t g a a c g  c g g c g g g a g c  c g a g g a a a a a  a gc a c c g g c t  g g c c g c gc t t  
2 6 4 2- c a a a g c r: c c g  c a a c t gg a g g  c g a g c g g c c t  g a g g a t c g g c  t a cc t g a t cg a t c c c g a c t g  
2 7 0 1  c a cg c t g g t g  c g g c t: g a t c c  a g a a c cccga c t g a c c g c a t  g c c c g c g a a a  a t c a a g a t t t  
2 7 6 1  g c g g g a t c a g  c a ca cc c g a g  g c g c t c g a t g  c g a c c a t c g c  g g c g c g g g c g  g a c t a t g c c g  
2 8 2 1  g g t 1: g g t g t t  c t a t c c a g c g  t cg c c c c g t g cgg t t ac g t c  g a a t g t c g c g  g g c g c t t t g a  
2 8 8 1  c a t: c g c g c g c  a g c t g g c c a g  a t c g c c a t g g  t c g g t t t g t t  c g t cg a t gcg g a t g a t g c t g  
2 9 4 1  t c a t: c g c c g a  c g c a c t g g t g  g c a g c c a a g c  t g a a c g c g c t  g c a g c t g c a c  g g t t c g g a a t  
3 0 0 1  c g c c c g a a c g  c g t gg c c c a g  t t g c g c g c g c  g g t t t g g c a a  g c c g g t g 1: g g  a a g g c g ct g c  
3 0 6 1  c c g t c g c c a g  c g c c a g c g a t:  g t c gc a c gc g  c c g c a g c c t a  t gc c g g g g c g  g c gg a c t t ga 
3 1 2 1  t C 1: t g :: t cg a  c g c c a a g a cc c c c a a ag g c g  cgct g c c c g g  c g g c a t gg g g  t t gg c g t t c g 
3 : 8  a ct g g t c g c t  g c t g gc c g g a  t a t c g c g g t g  c c t t g c c g t g  g g g g c  
S pCMABC I 0 9 - N DM 
I H T :;: OJ p a r t l a ':  s e q  e n c e . 
S S rol 
I ON 
ORDS 
C2 K l e b s � e l l a  p n e umo n i a e  
GAN I SM K l eb s i e l l a  pneumo n i a e  
U n c l a s s i f i e d . 
R El'CE 1 ( ba s e s  1 t o  5 4 7 6 )  
5 4 7 6  bp o A l i n e a r  1 7 -MAR - 2 0 1 5  
THORS S o nnevend , A . M . , AI - B a l o u s h i , A . E . , Gha z aw i , A . A . and Pa l , T  . 
. TLE C h a r ac t e r i z a t i on o f  N OM and OXA c o - p rodu c e r  Kl e bs i e l l a  pneumon i a e  
i s o l a t ed i n  t h e  A r ab i a n  P e n i n s ul a 
URNA� Unpub l i s h e d  
RENCE 2 ( ba s e s  1 to 5 4 7 6 )  
THORS S o n ne vend , A . M . , A l - B a l ou s h i , A . E . , Gha z aw i , A . A . and Pa l , T .  
TLE D i r e c t  Subm i s s i on 
UPNAL S ubmi t t e d  ( 1 7 -MAR - 2 0 l 5 )  M e d i c a l  Mi c r ob i o l o g y  and I mmun o l o g y ,  U n i t e d  
A r ab Emi r a t e s  U n i v e r s i t y ,  T awam s t r e e t  1 ,  Al A i n  1 7 6 6 6 ,  U n i t ed Arab 
Emi r a t e s  
ENT # ¥ A s s embl y - Da t a - S TART # #  
A s s emb l y  l'-le t h od C l o n e  M a n a g e r  v .  v 9  
S e qu e n c i n g  Techn o l ogy : :  S a n g e r  di deoxy s e qu e n c i n g  
� �A s s emb l y - Da t a - EN D # # 
O�ES L oc a t i o n / Qu a l i f i e r s  
s o u r c e  1 . .  5 4 7 6  
/ o r g an i sm= " Kl eb s i e 1 1 a  pneumo n i a e " 
Imo l t yp e = " g e n omi c DNA " 
' s t rai n= " OMABC I 0 9 " 
' p l a smi d= " pOMABC - N DM " 
/ c ou n t r y= " Oma n " 
gene 1 4 3  . .  3 1 6 0  
/ g e n e= " Tn 3  t npA " 
CDS 1 4 3  . .  3 1 6 0  
mi s e  f e a t u r e  
g e n e  
C D S  
g e n e  
C DS 
I g e n e = " T n 3  t npA " 
· c odon s t a r t = l  
/p r oduc t = " t r a n s po s a s e " 
I t ra n  s 1 a t  1 on= " MAFEERVQI LS EAEQDE:=' YGPPA FTSA DQR F F FS LN DKE LAI lI.K 
S LRHRGQRYMLVVLLGY FKAKPVVL N P G F H Q I KQDLKYVYQTVL PGPGCR P FN L T PKE 
N E R I YQRVFQLCNYQRWNVKDHGAALRDYLSQQARAWTAPRHLFDAANEYCSGQKIAI 
Pl'. Y S  T LQKI I S QVVG DEQE HMAP.H L E RM1S RGLKQALAE LVNGTGPLP FRQLRQSARN 
FTGTELEKE L I VYRH I QHWM PEVDL L L S T L S L S QKNLQHLAEKVDYYGAKLKRQ TVGS 
WLYLLCYLQTRWQ ALE R I ADGFVHHVRQTKQKAKDYAQEAVFKDWQKAAKNVS KA.A 
EVLHL F I D D S I DLQL P FATVRQQALSLLTKR D L E SVCL FLNEQRRSVDEAl1WQY C D E K  
E S LRKGLLRE L FLCLR FEGCDGTQHLAAALAKTQNE LNGQDAQLQTADTRLLSKKSRE 
FLLDGEGN I L I DRYEW FLYQQ I PDRLNGQ L T L P D I T KYRAHDADL I DGEHWRKNKYT L  
LQQ S H FTKLAE E PE K L I KQMAME LDTR LYEVGEYLEQEDNRN I I LRN PQGKRFWR L P S  
ASKHHLVNN P F FQQ I PT T G IADVLRMVDR DTG F I DC FAHVLGSQS R S R S H E Y D L LA I L 
VGNATNQG I YGMAQ I S DRTYDQL S T I QAN YLRLETLNAANDN I N NATAKL P I FRYYN I 
Q E D V I HASADGQKFEARRE T FKTRY S S KY FGTQKGVSAM T L I ANHAAI NARV 1 GAN EH 
E S H Y 1 FDLLMSNT S D I I P DV L S T DTHGVN HVN FALL D L FGYQFA PRYAQVGKV 1 N DM F  
DVKE DKE H R I QLCLKKP I N THR 1 AQHW DT 1 QR I AV S L KQRKTTQATLVRKL S E Y KRNH 
P L LEALTEYNRLVKANY LLCY 1 DDAS LRNYVQRALNRGEAYHQLRRAVS SVNGDQFRG 
S S D E E I QLWNECARLVTNA I V Y FN S R 1 L S Q L L T S FEYQGDTKR I D 1 VKQASPVAWHN I 
N L KGT YHFELS E K L P DLE E LMRS I EG Y L PVS EK " 
3 2 3 5  . .  3 4 8 8  
I p r oduet = " t ru n e a t e d  1 S]'..oa 1 2 5  3 ' e n d "  
3 5 8 9 . .  4 4 0 1  
I g e n e = " b l a N DM - 1 " 
3 5 8 9 . .  4 4 0 1 
/ ge n e = " b l aN DM - 1 " 
l e odon s t a r t = 1  
I p r oduct = " me t a l l o  b e t a  l a e t am a s e " 
I t  r a n s  1 a t i on = " MELPN H 1 H  PVAKL S TA LAAALMLSGCMPGE I R P T 1 GQQME T G DQ 
R FGDLVFRQLAPNVWQH T S YL DM P G FGAVAS N G L 1 VR DGGRVLVVDTAW T D DQ TAQ I L  
NW I KQ E I N LPVALAVVTHAHQDKMGGMDAL HAAG I ATYANAL SNQLAPQEGMVAAQHS 
L T FAAN GWVE PATAPN FG P LKV FY PGPGH T S DN I TVG 1 DGTDI AFGGC L I KD S KAKSL 
GN LG DADTEHYAASARAFGAAFPKASM I VMSHSAPDSRAA I THTARMADKLR " 
4 4 0 5  . .  4 7 7 0  
/ g e n e = " bl eI1BL " 
4 4 0 5  . .  4 7 7 0  
I g e n e = " b l eMBL " 
/ eodon s t a r t = l  
----------________ ��.du ' h J � 
L E FfPYPDLDPATS S FGCC LRLDDLDAMVALVNAAGAEEKS TGWFR FKAP LEA S GLR 
I GY L I D P DCTLVRL I QN P D " 
g e n e  4 7 7 5  . .  5 4 1 3  
/ g e n e = " t rp F " 
C D S  4 7 7 5  . .  5 4 1 3  
/ ge n e = " t rp F "  
I c odon s t a r t = l  
/ p r oduct = " a n t h r a n y l a t e  i s ome r a s e " 
/ t r a n s l a t i o n= " M PAK I K I CG I S T PEALDATlAARADYAG LVFYPAS PRAV T S NVA 
G.Zl.LTS RAAG I AMVGL FVDADDAV IADALVAAKLNALQLHG S E S P E RVAQLRAR FGKP 
VWKALPVASAS DVARAAAYAGAADL I L FDAKTPKGAL PGGMGLAFDWS LLAGYR GAL P  
WGLAGGLN P TNVAEAIARTGAPLVDTSSGVE SAPGVKDTDKI TN FAFAVRLA " 
E COU, T 1 3 2 3  a 1 4 8 8  c 1 4 8 1  9 1 1 8 4  t 
I 
1 g g g g t t c t ag g g a t t t t cc g  t cc a a a a a c g  a c a a a g t g c t  c t ggaggccc cgccg t c t g t  
6 1  g g c c t c c a g a  g g gg t a t t a c  t t t t t t cgag at ccct a t t t  gggc t c t g t t  t ga g t a ag a t  
1 2 1  t t a g t c t t t t  t g g gc t a a a t  c c a t g g c a t t  c g a a g a a c g t  g t c c a a a t c t  t g t c cgaggc 
1 8 1  a g aa c a a g a t  g a g t t a t a t g  g a c c c c ccgc t t t c a c c t c c  g c c g a c c a a c  g c t t c t t t t t  
2 4 1  c t c g c t g a a c  g a t a a g g a a c  t gg c g a t c g c  t a a a a g c c t c  c g t c a t c g g g  gccagcgt t a  
3 0 1  c a t g c t g g t g  g t a c t g c t g g  g c t a t t t c a a  agccaagccg g t g g t g c t ga a "tcccggc t t  
3 6 1  t c a t c a g a t c  a a gc a g g a c c  t c a a a t a c g t.  t t a t c a a a cc g t t c t a c c a g  g c c c a g g c t g 
� 2 1  t a g a c c c t t t  a a t c t cacgc c a a a a g a g a a  c g a a c g g a t t  t a cc a a c g t g  t t t t c c a g c t  
4 8 1  c t g c aa c "t a c  c a g c g c t g g a  a t. g t c a a a g a  c c a t g g a gcg g c g t t g a g a g  a t t a c t t a t c  
5 4 1  c c a g c a ag c c  a g a g c c t g g a  c a g c g c c t a g  g c a c c t c t t c  g a t g cggcca a t g a a t a t t g  
6 0 1  t t c g g g g c a g  a a g a t cgcaa t cc c t gc c t a  c a g c a c g c t g  c a aa a g a t c a  t c a g "t c a gg "t 
6 6 1  g g t g g g a g a c  g a a c a g g a a c  a c a t g g ccgc g c a c c t t g a g  c g t g c a a t gt c a c gcg g t c t  
7 2 1  t a a g c a a g c a  c t ggcggagc t c g t g a a cgg c a c a g g t c c a  c t g c c g t t c c  g a c a g t t gc g  
7 8 1  a c a a t cg g c t  c g t a a c t t c a  c c g g a a ccga g t t g g a g a a a  g a a c t ga t t g  t c t a t c g c c a  
8 4 :'  t a t c c a g c a t  t gg a t gc c g g  a a g t gg a t c t g c t g t t g a g c  a c g c t a t c a c  t g"t c g c a g a a  
9 0 1  a a a "t c t gc a a  c a cc t g g c a g  a g a a a g t c g a  c t a c t a c g g t  g c c a a a c t ga a a c g t c a a a c  
9 6 1  c g t a gg c a g c  c a a t g g c t g t  a t t t a t t g t g  c t a t c t t c a a  a c g c g a t g g c  a g c a a g c g c t  
_ 0 2 1  g g a a c g t a t t  g cc g a t g g c t  t t g t g c a t ca t g t c a g a c a g  a c c a a a c a g a  a g gca a a g g a  
1 0 8 1  t t a t g c g c a g  g a a g c g g t g t  t t a a g g a t t g  g c a a a a a g c a  g c t a a a a a t g  t c a g c a a g g c  
l l H  a g c t g a a g t a  c t g c a c c t g t  t ca t t g a t ga c a gc a t t gat c t g c a a c t a c  c g t t t gc a a c  
1. 2 0 1  a g t a a g a c a g  c a a g c a c t g a  g c c t g c t gac c a a a a g g g a  c t. g g a a t c t g  t a t g t c t c t t  
1 2 6 1  c c t g a a c g a g  c a gc g a c g a t  c gg t cg a t g a  agccat g t g g  c a g t a c t g c g  a c g a g a a a g a  
:' 3 2 1  a a g t c t g c g g  a a a g g t t t g c t g c g a g a g t t  g t t c c t a t g t  c t g c g c t t c g  a a g g c t g c g a  
1 3 8 1  c g g c a c c c a g  c a c t t a gc g g  c c g cc t t gg c  g a a a a c a c a a  a a c g a a c t c a  acggcca gga 
1 4 4 1  c g c t c a g t t g  c a a a c t g c c g  a c a c c a g a c t  c c t t t c c a a a  a a a t ca c g t g  a a t t c c t g c t  
1 5 0 1  g g a t g g t g a a  g g g a a t a t c c t g a t cg a t c g  t t a t ga g t g g  t t c c t c t a t c  a a c a g a t t c c  
1 5 6 1  t. g a t c g c c t g  a a t ggccagc t g a c g c t g c c  t g a t a "t c a c t  a a a t a c cggg c a c a c g a c g c  
: 6 2 :  c g a c c t g a t c  g a cg g g g a a c  a t t g g c g a a a  a a a c a a a t a t  a c g c t g c t t c  a a c a g a g c c a  
1 6 8 1  t t t t. a c a a a a  t t agcggagg a g c c t ga a a a  g c t g a t c a a a  c a g a t g g c c a  t g g a a t t g g a  
1 7 4 1  t ac c c g t t t g  t a cg a a g t c g  g c g a a t a t c t  t g a ac a g g a a  g a c aa c c gga a t a t c a t c t t  
1 8 0 1  g c g t. a a t ccg c a g g g t a a a c  gct t ct ggcg c c t g c c t t c g  g c c a g c a a a c  a t c a t c t g g t  
1 8 6 1  c a a c a a t ccc t t c t t cc agc a a a t t c c c a c  a a c g g gg a t t g c g g a t g t a c  t g c g c a t g g t  
:.. 9 2 1  t g a t c g t g a c  a c c g g t t t c a  t t g a ct gc t t  cgc t c a t g t g  c t g g g t t c c c  a a t c c a g a a g  
1 9 8 1  c c g c t: c cc a t  g a a t: a t g a c c  t g t t g g c a a t  t c t g g t c g g c  a a t g c a a c c a  a t c a a g g c a t  
2 0 4 1  t t a c g g c a t g  g c a c a g a t c t  c t g a t c g t a c  c t a t g a t c a g  c t c a g c a c t a  t: c c a g g c g a a  
2 1 0 1  c t a t c t t c g c  c t g g a a a c a t  t g a a t gc t g c  t a a c g a c a a c  a t c a a t a a c g  c g a c a g c c a a  
2 1 6 1 g c t a c c c a t c  t t c c g g t a c t  a c a a ca t cca g g a a ga t g t g  a t c c a c gcca g t g c c g a t g g  
2 2 2 1  t c a a a a g t t c  g a a gcccggc g c g a g a c ctt c a a a a c c c g t  t a t t c g t c g a  a g t act t t gg 
2 2 8 1  c a c t c a a a a a  g g t g t t t c t g  c c a t g ac c t t:  g a t c g c c a a t  c a c g c t g c g a  t ca a c g c c a g  
2 3 4 1  a g t g a t c g g c  g c c a a c g a a c  a t g a a t c gca c t a c a t c t t t  g a t t t g t t g a  t g a g c a a t a c  
2 4 0 1  g t c a g a c a t c  a t t cc g g a t g  t gc t c t c a a c  cga t a cc c a t  g g g g t g a a c c  a t g t g a a c t t  
2 4 6 1  c g c g t t: ac t g  g a t: c t g t t c g  g a t: a c c a g t t  t gc c c c a c g c  t a t g c c c a g g  t t g g c a a a g t  
2 5 2 1  g a t c a a t ga c  a t g t t t: g a t g  t c a a g g a a g a  c a a a g a a c a c  c g a a t t c a g c  t g t g c t t a a a  
2 5 8 1  a a ag c c a a t c  a a t ac c c a t c  g t a t t gcgca g c a c t g g g a t  a c c a t c c a a c  gg a t t g c a g t  
2 6 4 1 a t c a c t t a ag c a g c g g a a a a  c a a c g c a a g c  cac c t t g g t g  a g a a ag c t c t  cggagt a c a a  
2 7 0 1  g c gc a a t ca c  c c g c t g c t g g  a a g c c c t g a c  g g a a t a c a a t  c g c c t g g t: g a  a a g c ga a t t a  
2 7 6 1  t ct a ct g t g c  t a c a t c g a t g  a t g c c a g t t t  a a g a a a c t a t  g t t c a gcgcg c g c t g a a c c g  
2 8 2 1  g g g a g a g g c c  t a t c a cc a a c  t gc g t cgggc c g t g a g c a g c  g t c a at gggg a t c a g t t c cg 
2 8 8 1  g g g c a g t t c a g a c g a a g a a a  t c c a g c t a t g  g a a t ga g t g c  g c t c g c c t g g  t c a c c a a t gc 
2 9 4 1  c a t c g t t t a c  t t ca a ct c c a  g g a t a c t ca g  ccagct g t t g  a c c a g c t t c g  a a t a c c a a g g  
3 0 0 1  a g a t a cc a a g  a g a a t a g a t a  t c g t c a a a c a  g g c a t c c c c t  g t g g c c t g g c  a c a a c a t t a a  
3 0 6 1  c c t c a a g g g g  a c t t a c c a c t  t c g a a t t ga g  cga a a a a t t g  c c a g a t c t g g  a g g a g c t t a t  
3 1 2 1  g c gc t c a a t c  g a ggg a t a t t  t a c c c g t c ag c g a a a a g t a a  t a cc c c t c t g  gaggccacgg 
3 1 8 1  a c g g c g c g g c  c t c c a g a g c a  c t t t gt cg t t  t t t g g a c g g a  a a a t c c c t a g  a a cccca t a g  
3 2 4 1  a t g t a t a t t t  c t g t g a ccca c a t t c a ccct ggca a a aa g g  c a c a t g cga a a a t a t g a a t g  
3 3 0 1  g t t t a a t t a g g c a a t a t t t a  c c t a a aggga t t g a t t t a a a  t ca g g c a g a t  cagca t t a t t  
3 3 6 1  t aa a t c a a g t  t g c c a t g t c a  c t g a a t a ct c  g t c c t a g a a a  g g c g t t a g a t  t ggct t ac a c  
3 4 2 1  cat: t a g a g a a  a t t t g c t c a g  c t t g t t ga t t  a t c a t a t ggc t t t t ga a act gt c g c a c c t c  
� ± r� .::L L L L a L: t  
3 6 0 ::'  a a t a t -c a t g e  a e e c g g t: e g c  g a a g c  g a g e  a e c gc a t -c a g  ccg c t g e a t t  g a t g e t g a g c  
3 6 6 1  g g g t g c a t g e  c e g g t g a a a t  c c g c c c g a e g  a t t g g c e a ge a a a t g g a a a e  t g g e g a ee a a  
37 2 1  e g g t t t gg c g  a t c t g gt t t t  c c g e e a g c t e  g c a c c g a a t g  t ct g g c a g c a  c a c t t c c t a t  
3 7 8 1  c t cg a c a t g c  c g g g t t t cg g  g g c a g t c g c -c  t cc a a c g g t -c t g a t c g -c c a g  g g a t ggcggc 
3 8 4 1  c g c g t g c t g g  t g g t c g a t ac c g c c t g g a c c  g a t g a c c a g a  ccgcc c a g a t  c c t c a a c t g g  
3 9 0 1  a t c a a gc a gg a g a t c a a c c t  g c c g g t c gcg c t gg c g g -c g g  t g a c t c a c g c  g c a t c a g g a c  
3 9 6 1  a a g a t gg gcg g t a t g g a c g c  g c t g c a t gcg g c g g g g a t t g  c g a c t t a t g c c a a t g cg t t g  
4 0 2 1  t c g a a c e a gc t t g c c e c g c a  a g a g g g g a t g  g t t g cggcgc a a c a e a g c c t  g a e t t t eg c c  
4 0 8 1  g c c a a t gg c t  g g g t c g a a c c  a g c a a c e g c g  c c c a ac t t t g  gccc g c t c a a  ggt a t t t t a c  
4 1 4 1  c c c g g c e c c g  g c e a c a c e a g  t ga c a a t a t c  a c c g t t g g g a  t cg a c g g c a e  c g a c a t e g e t  
4 2 0 1  t. t t g gt g g e t  g e c t g a t c a a  g g a e a g c a a g  g c c a a g t c g c  r c g g c a a t c t  c g g t g a t g c c  
4 2 6 1 g a c a c t g a g c  a c t a cg c c g c  g t ca g c g c g c  g c g t t t gg t g  c g g cg t t c c c  c a a gg c c a g c  
4 3 2 1  a t ga t cg t g a  t ga g c c a t t c  c g c c c c c g a t  a gccgcgccg c a a t c a c t c a  t a c g g c c c g c  
4 3 8 1  a t g gc c g a c a  a g c t g c g c t g  a g c c a t g g c t  g a c c a cg t c a  c c c cc a a t c t  g c c a t c gc g c  
4 4 4 1  g a t t t cg a t g  t g a c a ga g gc g t t t t a t g c g  a a g c t gg gc t  t t g c g a c g a g  t t gg a a g g a t  
4 5 0 1  c g c g g c t g g a  t g a t c c t gca g c g c g g c g g t  t t g c a g c t c g  a a t t ct t c c c  c t a t cc t g a c  
4 5 6 1  c t c ga c c c a g  c t a c g a g c t c  g t t c g g c t g t  t g c c t g c g g t  t g ga t g a t c t  c g a t gcca t g  
4 6 2 1  g t g g c a t t g g  t ga a c g c g g c  g g g a g c c g a g  g a a a a a ag c a  c c g g c t g g c c  g c g c t t c a a a  
4 6 8 1  g c t c c g c a a c  t gg a g g c g a g  c g g c c t g a g g  a t c g g c t a c c  t g a t c g a t c c  c g a c t g c a c g  
4 7 4 1  c t g g t g c g g c  r g a t c c a g a a  c c c c g a c t g a  c c g c a t gccc g c g a a a a t c a  a g a t t t gc g g  
4 8 0 1  g a t c ag c a c a  c c c g a g g c g c  t c g a t g c g a c  c a t cg c g g c g  c g g g c g g a c t  a t g ccgggt t 
4 8 6 1 g g t g t t c t a t  c c a g c g t c g c  c c c g t g c g g t  t a c g t cg a a t  g t cg c g g g c g  c t t t gac a t c  
4 9 2 1  g c g c gc a g c t  g g c c a g a -c c g  c c a t g gt c g g  r t t g t t c g t c  g a t g c g g a t g  a t g c t g t c a t  
4 9 8 1  e g cc g a c g c a  C t g g t g g c a g  c c a a g c t g a a  c g c g c t g c a g  c t g c a c g g L t  c g g a a t c g c c  
5 0 4 1 c g a a c g c g t g g c c c a g t t g c  g c g c g c gg t t  t g g c aa g c c g  g t g t g g a a gg c g c t gc c c g t  
5 1 0 1  c g c ca gc g c c  a g c g a t g t c g  c a c g c g c c g c  a g c e t a -c gcc g g g g c g g c g g  a c t t g a t c t t  
5 1 6 1 g t t c g a c g c c  a a g a c c c c c a  a a g g c g c g c t  g c c c g gc g g c  a t g g g g t t g g  c g t t cg a c t g 
5 2 2 1  g t C gC t g C L g  g c c g g a t a t c  gcgg t g c c t t  g c c g t g gggg c t g g c a g g c g  g gc t a a a t c c  
5 2 8 :  g a c g a a -c g t t  g c c g a g g c g a  t t gc g c g c a c  c g g a g cg c c g  c t g g t c g a t a  c c t c c a g c g g  
5 3 4 1  c g L c g a a a gc g c g c c g g g c g  c a a g g a -c a c  c g a c a a g a t t  a c ca a t t t c g  c c t t t gc g g t  
5 4 0 1  g c g c t t g g c c  t a a c gc t g c c  c g g c g g c a t g  g g g t -c g gcgt t cg a c t g g t c  g c t g c t g g c c  
5 4 6 1  g g a -c a t c g c g  g t g c c t  

u s  pABC 1 2 0 - N DM 
I N I T I ON p a r t i a l  s e qu e n c e . 
E S S I O  1 
S I ON 
WORDS 
RCE K l eb s i e l l a  pneumon · a e 
RGAN I SM K l ebs i e l l a  pneumon i a e  
Unc l a s s i f i e d . 
ERENCE I ( ba s e s  1 t o  3 9 9 8 ) 
3 9 9 8  bp DNA l in e a r  l 7 -MAR - 2 0 l 5  
O THORS S onne ve n d , A . M . , Al - B a l ou s h i , A . E . , G h a z a w i , A . A . and P a l , T . 
I TLE C h a r a ct e r i z a t i o n  of N OM a n d  OXA co -p r oduce r K l e b s i e l l a  pneumon i a e  
i s o l a t e d  i n  t h e  A r ab i a n  P e n i n s u l a  
)URNAL Unpub l i s h e d  
::RENCE 2 ( ba s e s  1 to 3 9 9 8 )  
J THORS S o n nevend , A . M . , AI - B a l o u s h i , A . E . ,  G h a z awi , A . A .  a nd Pa l , T .  
[ TL E  D i r e c t  S ubmi s s i on 
)URNAL S ubmi t t e d  ( 1 7 - MAR - 2 0 l 5 ) Medi c a l  Mi c r ob i o l ogy and I mmu n o l o g y ,  U n i t e d  
A r ab Emi r a t e s  U n i v e r s i t y ,  Tawam s t r e e t  I ,  Al A i n  1 7 6 6 6 ,  Uni t e d Arab 
E m l r a L e s  
·�E N T  # # A s s emb l y - D a t a - S TART # #  
A s s emb l y  M e t h o d  Cl one M a n a g e r  v .  9 
S e qu e nc i n g  T e c h n o l o g y  : :  S a n g e r  di deoxy s e qu e n c i n g  
# HA s s err� l y - Da t a - E 1 D # # 
'URES �oca t i on / Qu a l i f i e r s  
s o u r c e  1 . .  3 9 9 8 
l o r g a n i sm= " Kl eb s i e l l a  p n e umon i a e " 
Imol t ype = " g e n om i c  DNA " 
I s t rai n= "ABC 1 2 0 " 
I p l  a smi d= " pABCl 2 0 - N  Dt-1 "  
I c ou n t r y= " Un i t ed Arab Emi r a t e s " 
mob l l e  e l ement 1 0 1  . .  2 3 0 5  
I n o t:. e = " d i s ru p t e d  b y  I S E c 3 3 " 
Imob i l e_ e l em e n t  t yp e = " i n s e r t i on s e que nce : I SAb a 1 2 5 " 
mob i l e  e l emen t  1 0 5 2  . .  2 2 0 4  
I mobi l e_e l em e n t  t yp e = " i n s e r t i o n s e qu e n c e : I S E c 3 3 " 
g e n e  1 1 5 3  . .  2 1 8 4  
I g e n e = " I S E c 3 3  t npA " 
CDS 1 1 5 3  . .  2 1 8 4  
gene 
CDS 
gene 
CDS 
COUNT 1 0 4 6 a 
I N  
1 t t a a cgtcgc 
61 g t t g g c a g a g  
I ge n e = " I S E c 3 3  tnpA "  
I codon s t a rt = l  
I p r o d uct = " t r an s p o s a s e " 
I t r an s l at i o n = " M P I I V P I PRGERRLMQKA I H KTR DKNHARRLTAMLMLH R G E RVS 
DVAR T LCCAR S S VGRW I N W FT H S G I E GL KS L PAGRSRRWPFE H I CT L LR E L I KH S P G D  
FGYQR S R W S T E L LA I K I N E I TGCQLHAGTVRRWLPSAGLVWRRAAPTLR I R D PH K D E K  
MAV I H KAL DECSAEH PVFYEDEVDI HLN PK I GADWQLR GQQKRVVT PGQN E KY Y LAGA 
L H S G T GKVS YVGGNS KSSALFIALLKH LKATYRRAKT I TL I V DNY I I HKSRETQRWLK 
ANPKFRVI YQPVYS PWVNHVERLWQAL H D T I TRNHQCRSMWQLLKKVRH FMETA S P F P  
G GKHGQAKV " 
2 3 9 9  . .  3 2 1 1  
I ge n e = " b l aN DM- 1 "  
2 3 9 9  . .  3 2 1 1  
I g e n e = " b l aN DM - l " 
I c odon s t a r t = l  
I p roduc t = " me t a l l o  b e t a  l a c t ama s e "  
I t ran s l a t i on = " M E L P N I MH PVAKLSTALAAALMLSGCMPGE I RP T I GQQM E TGDQ 
R FG DLVFRQLAPNVWQ H T S YL DMPG FGAVASNGLI VR DGGRVLVVDTAWT DDQTAQI L 
N W I KQE I N L PVALAVVTHAHQDKMGGMDALHAAGI ATYANALSNQLAPQE GMVAA.QHS 
L T FAANGWVE PATA PNFGPLKVFY P G PGHT S DN I TVGI DGT D I A FGGC L I K D S KAKS L 
GNLGDA D T E H YAASARA FGAA F PKASMIVMSHSAPDSRAA I TH TARMADKLR " 
3 2 1 5  . .  3 5 8 0  
I ge ne = " b l eMBL " 
3 2 1 5  . .  3 5 8 0  
I g e n e = " b l eMBL " 
I c odon s t a r t = l  
I p roduct = " bl e omyc i n  re s i s t a n c e  p r o t e i n "  
I t r a n s l a t i on = " MADHVT P N L P S R D FDVTEAFYAKLGFATSWKDRGWM I LQRGGLQ 
L E F F P Y P D L DPAT S S FGCCLRLDDLDAMVALVNAAGAEE KSTGWPR FKAPQLEASGLR 
I GY L I D P DC TLVRL I QN P D " 
1 0 1 0  c 1 0 4 5  9 8 9 7 t 
t a a a t t t t a a  a t a a a t a a g t  g a a g a gt g t t  a g t ggagcca c t g a t t t a a a  
t a a a a c t t g a  a g t gcgacat a a a c c a c c t a  a t t a a t t t a a  a g gg t t t:. a t g  
+- +-

2 0  a g t a c g a t e t  a t e gt g a g e t  t a a a a g a a a t  a g e a  e a a t g  a e g t t t a t ca a g c t c g a t a t  
3 0 1  g c t t ct g a t a  a c a c c t t c g c  t a g a c g t a g a  c g t g g t c a c a  g a a a a c t c a a  a a t c g a t t c a  
3 6 1  a t c c t c t g g a  a a t t t a t t g t  t g a a g c g a t c  cg t t g t t t a t  g g t c t c c t c a  gca a a t a g c a  
4 2 1  a a g c g t t t a a  a g a c a t t t cc t ga t t t g g a t  c a a a c a a t g a  a t g t a a g c c a  t a c a a c ga t t  
4 S 1 t a t t ca a c g a  t a c g a g c a t t  a c c a a a g g g t  g a g t t ga a a a  a a ga c t t a t t  a t c c t gt c t a  
5 4 1  c g t c a t g a a a  a t a a a a a g c g  a a a a g c t a a c  g g t g a a c c t a  a a a a a g a t t c  t a t a t t a c a g  
6 0 1  g a t a t t a a a a  c t a t t c a t g a  g c g c c c a g c c  g a a g t t c a a g  a a a g a a a a a t  a c c g g g t c a t  
6 6 1  t gg g a a g c t g  a t t t a a t t a a a gg t a a a g a c  a a t a a a agt c g a t a g c a a c  ac t t a t t g a a  
7 2 1  c g a a a t a c a c  g g c t e t g t at c t t g g c a a c a  t t a c c t g a t g  e a a a g g c a g a  a t c a g t g c gc 
� 8 1  a a g g c t t t a a  c t g a a g c t c t  g a a a t a t t t a  c c t g c a g a a c  t g c g t a a a a c  g t t g acct a t  
8 4 1  g a c c g t g g a c  g t: g a g a t g t c  a g a a c a t a a a  a t a c t c g a a g  a a g a t t t a g g  c a t a g a t g t a 
9 0 1  t a t t t c t g t g  a c c c a ca t t c  a e c c t g g c a a  a a a g g c a c a t  g c g a a a a t a t  g a a t g gt: t t a  
9 6 1  a t t a g g c a a t  a t t t a e c t a a  a g g g a t t g a t  t t a a a t ca g g  c a g a t c a g c a  t t a t t t a a a t 
1 0 2 1  c a a g t t gc c a  t g t c a c t g a a  t a c t c g t c e t:  a aa t a gc t g c  gcg g a a t a g t  a g a t cact: g a  
1 0 S l  a a g g g a a c t c  a gc e c g g a t t  g t gc g a t c t g  a t ea a t egcc a a a cc a a c c a  a a a t e a c c a a  
1 1 4 1  c c g g a c t ga g  c g a t g c c g a t  c a t a g t a c c a  a t a c c c c g t g g c g a a c g a c g  c c t g a t g c a g  
1 2 0 1  a a a g c t a t t c  a t a a a a c g c g  t g a t a a a a a t  c a t g c c c g c a  g a c t c a c g g c  c a t g c t g a t g  
1 2 6  c t t ca t e g g g  g t g a a c g g g t  c a g c ga t g t t  g c c a g a a c t c  t c t g t t g t gc c c g t t c a t c c  
1 3 2 1  g t t gg t c g c t  g g a t t a a c t g  g t t t ac g c a c  t c a g g t a t t g  a a g g cc t g a a  a t c c t t a c c c  
1 3 8 1  g c a gg g c g c t  c c c g a c g c t g  g c c t t t t g a a  c a t a t c t g c a  c c c t g t t a cg t ga g ct g a t a 
1 4 4 1  a a g c a t  c t e  c c g g c g a t t t  t g g t t a t c a a  c g t t c ac g c t  g g a g c a c c g a  a t t a c t gg c a  
1 5 0 1  a t aa a a a t c a  a t ga g a t a ac c g g t t gc c a g  t t a c a t g c a g  g a a c c g t t c g  ccgc t g gt t g  
1 5 6 1  c c a t ct g c g g  g gc t t g t a t g  g c g c a g g g c c  g c g c c a a c t c  g c g t a t ccg t ga c c c a c a t  
:' 6 2 1  a aa g a t g a a a  a g a t g g c g g t  a a t c c a c a a a  g c g c t g g a t g  a a t g c a g c g c  a g a g e a t c c g  
:' 6 8 1  g t a t t t t a  9 a a g a t g a a g t  g g a t a t c c a c  c t t a a t c c t a  a a a t cg g t g c  g g a c t g g c a g  
1 7 4 1  t t g c g c g g a c  a g c a g a a a cg g g t a g t g a c g  c c g g g g c a g a  a c g a a a a a t a  c t a t ct g g c c  
l S 0 1  g g c g c a c-:: gc a c a g t g g c a c  g g gt a a a g t c  a g c t a c g t g g  g c g g c a a c a g  c a a a a g t t c a  
1 8 6 1 g c g c t g t t t a  t cg c t c t gct g a a g c a c c t g  a a a gc c act t a c c g g c g g g c  g a a a a c a a t c  
2. 9 2 1  a c g c t g a t c g  t t g a t a a c t a  c a t t a t c c a t  a a a a g c c g c g  a a a c a c a g c g  c t g g t t g a a a  
1 9 8 1  g c a a a t c c c a  a g t: t c a g g g t  a a t t: t a c c a g  c c g g t t t ac t:  c g c c g t g g g t  g a a t c a t g t g  
2 0 4 1  g a a c g g c t a t  g g c a g g c a c t  t c a t ga c a c g  a t a a c c c g t a  a t c a t c a g t g  c c gc t c a a t g  
2 1 0 1 t gg c a g t t a c  t g a a a a a gg t  c c g c c a t t t t  a t g g a a a c c g  c c a g c c c a t t  c c c c g g a g g a  
2 1 6 1 a aa c a t gg t c  a g g c a a a a gt g t a g c g g t a t  t a gg c g c a g c  t a t t t a g a a a  g g cg t t a g a t  
2 2 2 1  t g g c t x a c a c  c a t t a g a g a a  a t t t gc t c a g  c t t g t t g a t t  a t c a t a t g gc t t t t g a a a c t  
2 2 8 1  g t c g c a c c t c  a t g t t t g a a t  t cg c c c c a t a  t t t t t g c t a c  a g t g a a c c a a  a t t a a g a t c a  
2 3 4 1  t c t a t t t a c t  a g g c c t c g c a  t t t gc g g g g t  t t t t a a t g c t  g a a t a a a a gg a a a a c t t g at: 
2 4 0 1  g g a a t t g c c c  a a t a t t a t g c a cc c g g t c g c  ga a g c t g a g c  a ccgc a t t a g  c c g c t g c a t t  
2 4 6 1 g a t: g c t g a g c  g g g t gc a t gc c c g g t g a a a t  c c g c c c g a c g  a t t g g c c a g c  a a a t gg a a a c  
2 5 2 1  t g g c g a c c a a  c g g t t t g g c g  a t c t g g t t t t  c c g c c a g c t c  g c a cc g a a t g  t c t g g c a g c a  
2 5 8 1  c a c "L. t cc t a t  c t c g a c a t g c  c g g g t t t c g g  g g c a g t c g c t  t c c a a e g g t t  t g a t c g t: c a g  
2 6 4 1 g g a t g g c g g c  c g c g t g c t g g  t g g t c g a t ac c g c c t g g a c c  g a t g a c c a g a  c c g c c c a g a t: 
2 7 0 1  c c t c aa c t g g  a t c a a g c a g g  a g a t c a a c c t  g c c g g t c g c g  ct g g c g g t g g  t g a c t c a c g c  
2 7 6 1  g c a t ca g g a c  a ag a t g g g c g  g t a t g g a c g c  g c t gc a t gc g  g c g g g g a t t g c g a c t "t a t g c  
2 8 2 1  c a a t g c g t t g  t cg a a c c a g c  t t: g c c c c g c a  a g ag g g g a t g  g t t g c g g c g c  a a c a c a g c c t  
2 8 8 1  g a cr t t c g c c  g c c a a t g g c t  g g g 1: c g a a c c  a g c a a c c g c g  c c c a a c t t t g  g c c c g c t c a a  
2 9 4 1  g g  a t t t t a c  c c c gg c c c c g  g c c a c a c c a g  t ga c a a t a t: c  a c c g t t g gg a  t c g a c g g c a c  
3 0 0 1  c g a ca t cgct: t t t gg t g g c t  g c c t g a t c a a  g g a c a g c a a g  g c c a a g t c g c  t c ggc a a t c t  
3 0 6 1  c g g t g a t gc c  g a c a c t g a gc a c t a c g c c g c  g t c a g c g c g c  g c g t t t g g t g  c g g c g t t c c c  
3 1 2 1  c a a g g c c a g c  a t g a t c g t ga t ga g c c a t t c  c g c c c c e g a t  a gc c g c g c c g  c a a t ca c t c a  
3 1 8 1  t a c g g c c c g c  a t gg c c g a c a  a g c t g c g c t g  a g c e a t gg c t  g a c c a c g t c a  c c c c c a a t c t  
3 2 4 1  g c c a t cg c g c  g a t: t t c g a t g  t ga c a g a ggc g t t t t a t gc g  a a g c t g g g c t  t t g c g a c g a g  
3 3 0 1  t t g g a a g g a t  c g c g g c t g g a  t ga t cc t g c a  g c g c g g c g g t  t t g c a g c t c g  a a t t c t t c c c  
3 3 6 1  c 1: a t cc t g a c  c t c ga c c c a g  c t a c g a g c t c  g t t cg g c t g t:  t gc c t g c g g t  t g g a t g a t c t  
3 4 2 1  c g a t gc ca t g  g 1: g g ca t t gg t ga a cg c g g c  g g g a g c c g a g  g a a a a a a g c a  c c g g c t g g c c  
3 4 8 1  g cg c t t c a a a  g c t c c g c a a c  t g g a g g c g a g  c g g c c t g a g g  a t cgg c t a c c  t g a t c g a t cc 
3 5 4 1 c ga c t gc a c g  c "t g g t g c g g c  t g a t c c a g a a  c c c c g a c t g a  c c g c a t g c c c  gcg a a a a t c a  
3 6 0 1  a g a t t r g c g g  g a t c a gc a c a  c c c g a g g c g c  "t cg a t g c g a c  c a t: c g c g g c g  c g g g c g g a c t  
3 6 6 1  a t g c c g g g t t  g gt g t t c t a t  c c a g c g t c g c  c c c g t g c g g t  t a c g t c g a a t  gt c g c g g g c g  
3 7 2 1  c t t t g a c a t c  g c g c g c a g c t  g g c c a g a t c g  c c a t g g t c g g  t t t gt t c g t c  g a t g cgg a t g  
3 7 8 1  a t g c "tg t c a t  c gc c g a c g c a  c t g g t g g c a g  c c a a g c t g a a  c g c g c t g c a g  c t gc a c g g t t 
3 8 4 1  c gg a a t c g c c  c g a a c g c g t g  gcc c a g t t g c  g c g c g c gg t t  t gg c a a g c c g  g t g t g g a a g g  
3 9 0 1  c g c t gc c c g t  c g c c a g c g c c  a g c g a t g t c g  c a c g c g c c g c  a g c ct a t g c c  g g g g c g g c g g  
3 9 6 1  a c t t ga t c t t  gt t c g a c g c c  a a g a c c c c c a  a a g g c g c g  
